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'HU MXQJH%HWRQ LVWGXUFK WKHUPLVFKHXQGK\JULVFKH(LQZLUNXQJHQVRZLHGLH(QWZLFN
OXQJGHU)HVWLJNHLWVHLJHQVFKDIWHQXQGGLH5HOD[DWLRQGHU=ZDQJVVSDQQXQJHQJHNHQQ
]HLFKQHW =LHO GHU $UEHLW LVW HV DXVJHKHQG YRP0DWHULDOYHUKDOWHQ HLQH 6WUDWHJLH ]XU
ZLUNOLFKNHLWVQDKHQ%HUHFKQXQJYRQ6SDQQXQJHQ LQ MXQJHQ%HWRQEDXWHLOHQ LQIROJHYRQ
7HPSHUDWXUIHOGHUQ ]X HQWZLFNHOQ 'DEHL ZXUGH GHU 6FKZHUSXQNW GHU $UEHLW EHL GHU







VSLHO HLQHV +RFKRIHQIXQGDPHQWHV ZXUGH ]XU 0LQLPLHUXQJ GHU %HDQVSUXFKXQJHQ GHU
(LQIOXVV GHU %HWRQUH]HSWXU XQG GHU +HUVWHOOXQJVWHFKQRORJLH DXI GLH 7HPSHUDWXU XQG
6SDQQXQJGHV%DXWHLOVXQWHUVXFKW$QVFKOLHHQGZXUGHGDUDXVGHU(LQIOXVVGHU (UKlU
WXQJDXIGLH0DWHULDOIHOGHULP4XHUVFKQLWWEHXUWHLOW'LHYRUOLHJHQGH$UEHLWOHLVWHWHLQHQ































































































































































GHQ 1RUPDOEHWRQ HLQ 'LH0DWHULDOHLJHQVFKDIWHQ GHV 1RUPDOEHWRQV ZHUGHQ LP $OWHU
YRQ  7DJHQEHVWLPPW %LV ]X GLHVHP=HLWSXQNWZLUNHQGH %HDQVSUXFKXQJHQ LQIROJH
QLFKWODVWEHGLQJWHU(LQZLUNXQJHQVLQGLQ$EKlQJLJNHLWGHU%HWRQUH]HSWXUGHU*HRPHW
ULH GHU 5DQGEHGLQJXQJHQ XQG GHU +HUVWHOOXQJ HUVW QRFK ]X TXDQWLIL]LHUHQ ,QQHUKDOE
GLHVHV=HLWUDXPVZLUGGHU%HWRQLQGHUYRUOLHJHQGHQ$UEHLWDOVMXQJHU%HWRQEH]HLFKQHW
'XUFK 9DULDWLRQ GHU %HWRQUH]HSWXU XQG GHU +HUVWHOOXQJVWHFKQRORJLH LVW HLQH (LQIOXVV
QDKPHDXIGLH%HDQVSUXFKXQJVHQWZLFNOXQJGHVMXQJHQ%HWRQVP|JOLFK*H]LHOWH0D
QDKPHQ IKUHQ ]XU 0LQLPLHUXQJ GHU %HDQVSUXFKXQJHQ >@ >@ >@ >@ >@ >@
>@%HL%HWRQEDXWHLOHQXQG%DXZHUNHQZLH]%7DOVSHUUHQGLFNHQ)XQGDPHQWSODW










'LH (QWVFKHLGXQJEHUGHQ=HLWSXQNW IUGDV$XIEULQJHQ IUK]HLWLJHU%HODVWXQJHQEHL






-XQJH %HWRQEDXWHLOH XQWHUOLHJHQ (LQZLUNXQJHQ DXV LQVWDWLRQlUHQ 7HPSHUDWXU XQG
)HXFKWHIHOGHUQ 'LH 7HPSHUDWXUIHOGHU ZHUGHQ ]XQlFKVW GXUFK GLH (QWZLFNOXQJ GHU
+\GUDWDWLRQVZlUPH XQG VSlWHU GXUFK GDV .OLPD YHUXUVDFKW )HXFKWHIHOGHU HQWVWHKHQ
GXUFKGDV$XVWURFNQXQJVYHUKDOWHQGHV%DXWHLOV'LHV LVWEHLPDVVLJHQ%DXWHLOHQQXU LQ
GHQREHUIOlFKHQQDKHQ%HUHLFKHQ UHOHYDQW3DUDOOHO ]XGHQK\JURWKHUPLVFKHQ9RUJlQ
JHQ YHUODXIHQGLH (QWZLFNOXQJHQGHV FKHPLVFKHQ 6FKZLQGHQV E]Z4XHOOHQV XQGGHU
)HVWLJNHLWHQVRZLHGHV$UEHLWVYHUP|JHQV'LHHUZlKQWHQ(LQZLUNXQJHQIKUHQEHLLQQH
UHU%HKLQGHUXQJGHUKHUYRUJHUXIHQHQ9HUIRUPXQJ]X(LJHQVSDQQXQJHQLP4XHUVFKQLWW





































































6FKZHUSXQNW DXI GLH (UIDVVXQJ GHU+\GUDWDWLRQVZlUPH JHVHW]W %HL GHU0HVVXQJGHU
=ZDQJVVSDQQXQJ LP/DERUZXUGHGHU(LQIOXVVGHUEHWRQWHFKQRORJLVFKHQ0DQDKPHQ









7HPSHUDWXUIHOGHU LQIROJH+\GUDWDWLRQVZlUPHXQG.OLPD VRZLH GHU GDUDXV UHVXOWLHUHQ



















6WUDKOXQJ LQIROJH 6RQQHQHLQZLUNXQJ XQG DXV GHP ODQJZHOOLJHQ 6WUDKOXQJVDXVWDXVFK
]ZLVFKHQGHP%DXWHLOGHU8PJHEXQJXQGGHU$WPRVSKlUH]XVDPPHQ=XVlW]OLFKZLUG
GHU 5DQG GXUFK:lUPHOHLWXQJ LP %HWRQEHHLQIOXVVW'LH %HUFNVLFKWLJXQJ GHV .OLPDV
EHLGHU7HPSHUDWXUIHOGEHUHFKQXQJHUIROJWDQKDQGGHU7DJHVJlQJHGHUlXHUHQ:lUPH
>@ >@ RGHUGHU LGHHOOHQ$XHQOXIWWHPSHUDWXU >@ >@ >@ >@ >@ ,P*HJHQVDW]
]XP1RUPDOEHWRQZXUGHEHLGHU7HPSHUDWXUIHOGEHUHFKQXQJYRQ MXQJHQ%HWRQEDXWHL
OHQPHLVW HLQ NRQVWDQWHU0LWWHOZHUW GHU 7DJHVJlQJH >@ >@ >@ DOV 5DQGEHGLQ
JXQJYHUZHQGHW'HU6FKZHUSXQNWZXUGHKLHUDXIGLH(UIDVVXQJGHU+\GUDWDWLRQVZlU




'LH %HUHFKQXQJ GHU +\GUDWDWLRQVZlUPHHQWZLFNOXQJ HUIROJWPLW +LOIH YRQ NLQHWLVFKHQ
0RGHOOHQ 'DEHL ZLUG XD GDV JHVDPWH XQG GDV LQWHJULHUWH NLQHWLVFKH0RGHOO XQWHU
VFKLHGHQ'LH%LOGXQJGHU0LNURVWUXNWXUXQGGLH:HFKVHOZLUNXQJ]ZLVFKHQGHQHLQ]HO
QHQ =HPHQWSDUWLNHOQ LQ GHU +\GUDWDWLRQVUHDNWLRQZLUG EHL GHP JHVDPWHQ NLQHWLVFKHQ
0RGHOOLPSOL]LWXQGEHLGHPLQWHJULHUWHQNLQHWLVFKHQ0RGHOOH[SOL]LWHUIDVVW
'DV LQWHJULHUWH NLQHWLVFKH0RGHOO ZXUGH XD YRQ%UHXJHO >@ XQG0DHNDZD HW DO















9HUVXFKH QXU ZHQLJ LQ GLH %HUHFKQXQJVPRGHOOH GHU +\GUDWDWLRQVZlUPHHQWZLFNOXQJ
HLQJHEXQGHQ >@ >@ >@'LH(UJHEQLVVHGDUDXVZDUHQQLFKW ]XIULHGHQVWHOOHQG%HL













'LH 0HVVXQJ GHU =ZDQJVYHUIRUPXQJHQ XQG VSDQQXQJHQ ZXUGH XD YRQ 6SULQ
JHQVFKPLG XQG VHLQHQ 'RNWRUDQGHQ %UHLWHQEFKHU >@ 6FK|SSHO >@ 3ODQQHUHU >@
0DQJROG >@ 7DQDEH >@ (PERUJ >@ XQG+LQW]HQ >@  LP /DERU XQG LQ VLWX
GXUFKJHIKUW%HLGHQ9HUVXFKHQ LP/DERUZXUGHQXDGHU5HLUDKPHQ >@ >@XQG
GLH7HPSHUDWXU6SDQQXQJV0DVFKLQH >@ >@ >@ YHUZHQGHW9HUVXFKH LQ VLWXZXU
GHQPLW+LOIHYRQ 'HKQXQJVPHVVVWUHLIHQ >@XQG6WUHVVPHWHU >@ >@ GXUFKJHIKUW
'LH0HVVXQJGHU'HKQXQJKDWGHQ1DFKWHLOGDVVEHLGHU$XVZHUWXQJGHU6SDQQXQJHQ




'LH SULQ]LSLHOOH =ZDQJVVSDQQXQJVHQWZLFNOXQJ XQWHU 7HPSHUDWXUHLQZLUNXQJ LQIROJH
+\GUDWDWLRQVZlUPH LVWEHL ]HQWULVFKHU%HKLQGHUXQJGHU9HUIRUPXQJ LQ%LOG GDUJH
VWHOOW %LV ]XU 5LVVELOGXQJ EHVWLPPHQ KDXSWVlFKOLFK ]ZHL .RPSRQHQWHQ GLH UHDOHQ
=ZDQJVVSDQQXQJHQYLVNRHODVWLVFK'LH(UKlUWXQJZHOFKHGLH(QWZLFNOXQJGHUHODVWL
VFKHQ0DWHULDONHQQZHUWHVWHXHUWXQGGDV.ULHFKHQE]Z5HOD[DWLRQVYHUP|JHQGHV%H
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∆7 I J K 0D[LPDOH(UZlUPXQJ












$XV GHQ0HVVHUJHEQLVVHQ GHU =ZDQJVVSDQQXQJHQ NDQQ QDFK %LOG  IROJHQGHV ]X
VDPPHQJHIDVVWZHUGHQ
• 'LH6SDQQXQJHQ LP%HWRQ 'UXFNEHJLQQHQVLFK LQGHU(UZlUPXQJVSKDVHFD
6WXQGHQQDFK%HWRQLHUHQ]XHQWZLFNHOQ>@>@>@'LH7HPSHUDWXUHUK|KXQJEH




7HPSHUDWXUPD[LPXP >@ >@ >@ 'LHVHU =HLWSXQNW ZLUG ]ZHLWH 1XOOVSDQQXQJV
WHPSHUDWXU7 O JHQDQQW
• 'LH=XJIHVWLJNHLWZXUGHEHL6SDQQXQJHQ]ZLVFKHQ1PP²HUUHLFKW











'LH %HUHFKQXQJ GHU 6SDQQXQJHQ LP %DXWHLO KlQJW YRQ GHQ0DWHULDONHQQZHUWHQ EHL
.XU]XQG/DQJ]HLWYHUKDOWHQGHP0DWHULDOJHVHW]HLQRGHUPHKUGLPHQVLRQDOGHU%H
KLQGHUXQJDE
'LH 0DWHULDONHQQZHUWH GHV MXQJHQ %HWRQV ZLH 'UXFNIHVWLJNHLW >@ >@ >@ >@
>@>@>@>@>@>@>@>@=XJIHVWLJNHLW>@>@>@>@>@>@
>@>@>@>@>@(ODVWL]LWlWVPRGXO>@>@>@>@>@>@>@>@
>@ >@4XHUGHKQXQJ >@ >@ XQG .ULHFK]DKO >@ >@ >@ >@ >@ >@
>@ >@E]Z5HOD[DWLRQV]DKO >@ >@ >@ZXUGHQH[SHULPHQWHOOXQWHUVXFKW'LH
9HUVXFKHZXUGHQ IU EHVWLPPWH %HWRQ]XVDPPHQVHW]XQJHQ XQGPHLVWHQV DQ 3UREHQ
GLHlOWHUDOV6WXQGHQZDUHQGXUFKJHIKUW$XVGHQ0HVVHUJHEQLVVHQZXUGHQUHFK







QXQJ DQJHZHQGHW %HL GHQ HLQGLPHQVLRQDOHQ%HUHFKQXQJHQZXUGH ] % GDV.RQ]HSW
GHV HIIHNWLYHQ (ODVWL]LWlWVPRGXOV YHUZHQGHW >@ >@ ,Q GLHVHQ )DOO ZLUG GLH 6SDQ
QXQJVJHVFKLFKWHYHUQDFKOlVVLJWGDGXUFKZHUGHQGLH6SDQQXQJHQEHUVFKlW]W
8P GLH 6SDQQXQJVJHVFKLFKWH ]X EHUFNVLFKWLJHQZXUGH GDV0DWHULDOJHVHW]PLW +LOIH
YRQ,QWHJUDORGHU'LIIHUHQWLDOJOHLFKXQJHQJHO|VW'LH,QWHJUDOO|VXQJ>@ZLUGPLW+LOIH
GHU 6XSHUSRVLWLRQ DQJHZHQGHW %HVRQGHUV EHL QXPHULVFKHQ %HUHFKQXQJHQ KDW GLH ,Q
WHJUDOO|VXQJGHQ1DFKWHLOGDVVGLH6SDQQXQJVJHVFKLFKWHGKGLH6SDQQXQJHQEHUGLH
=HLW IU MHGHQ3XQNWGHV%DXWHLOVTXHUVFKQLWWHV ]X VSHLFKHUQ LVW'LH'LIIHUHQWLDOO|VXQJ
>@ XPJHKWGLH 6SHLFKHUXQJGHU 6SDQQXQJVJHVFKLFKWHXQGEDVLHUW DXI UKHRORJLVFKHQ
0RGHOOEHWUDFKWXQJHQ +LHUIU ZXUGHQ0D[ZHOO(OHPHQWH >@ >@ .HOYLQ(OHPHQWH
 
>@ XQG .RPELQDWLRQHQ YRQ UKHRORJLVFKHQ (OHPHQWHQ >@ >@ YHUZHQGHW 'LH
0D[ZHOO(OHPHQWH KDEHQ GHQ 9RUWHLO GDVV GDUDXV HLQH 'LIIHUHQWLDOJOHLFKXQJ HUVWHU
2UGQXQJ HQWVWHKW =XU %HVWLPPXQJ GHU QRWZHQGLJHQ0DWHULDOSDUDPHWHU VLQG MHGRFK
5HOD[DWLRQVYHUVXFKH >@ >@ >@ Q|WLJ ZHOFKH LQ GHU /LWHUDWXU ZHQLJ YRUKDQGHQ












6SDQQXQJV XQG 9HUIRUPXQJVEHUHFKQXQJHQ ZXUGHQ HLQGLPHQVLRQDO >@ >@ >@

































WHQ GHV MXQJHQ %HWRQV $XI*UXQGODJH GHU )RXULHUVFKHQ:lUPHOHLWXQJVJOHLFKXQJ ]XU
%HUHFKQXQJGHU7HPSHUDWXUIHOGHUZHUGHQXQWHUVFKLHGOLFKH0|JOLFKNHLWHQ]XU(UIDVVXQJ
GHU lXHUHQ :lUPH GHU LQQHUHQ :lUPH +\GUDWDWLRQVZlUPHHQWZLFNOXQJ XQG GHU
WKHUPLVFKHQ 0DWHULDONHQQZHUWH XQWHUVXFKW %HL GHU +\GUDWDWLRQVZlUPHHQWZLFNOXQJ
















'DV IQIWH.DSLWHO EHIDVVW VLFKPLWGHU (UIDVVXQJYRQ7HPSHUDWXUIHOGHUQ LQ%DXWHLOHQ
'DEHL ZLUG GLH (LJQXQJ GHU XQWHUVFKLHGOLFKHQ %HUHFKQXQJVDQVlW]H GHU +\GUDWDWLRQV
ZlUPH XQG GHU EHLGHQ H[SHULPHQWHOOHQ 9HUIDKUHQ '&$9HUVXFKH XQG DGLDEDWLVFKH
9HUVXFKH]XU%HUHFKQXQJGHU7HPSHUDWXULP%DXWHLOXQWHUVXFKW'XUFKHLJHQH9HUVX

























































SRUWLHUWH:lUPHPHQJH LQ 5LFKWXQJ GHU .RRUGLQDWHQDFKVHQ MH )OlFKH XQG =HLWHLQKHLW















 PLW  σ  ULFKWXQJVEH]RJHQHWUDQVSRUWLHUWH:lUPHPHQJH>N-@
   $   )OlFKHQHLQKHLWQRUPDO]XUMHZHLOLJHQ5LFKWXQJ>P²@
   W =HLW>K@ 

%HL LQVWDWLRQlUHQ9RUJlQJHQZLUG GLH:lUPHELODQ] HLQHV9ROXPHQHOHPHQWV IU GLH LQ
HLQHU=HLWHLQKHLWJHVSHLFKHUWHDEJHIKUWHXQG]XJHIKUWH:lUPHPHQJHDEJHOHLWHW
− 'LH LQGHP9ROXPHQHOHPHQW LQGHU=HLWGW LQIROJHGHU+\GUDWDWLRQVZlUPHGHV=H
PHQWHVT  HQWVWHKHQGH:lUPHPHQJHHUJLEWVLFK
 GWG9TG4  ⋅⋅=         >N-@ 
PLW  T   :lUPHHQWZLFNOXQJ SUR 5DXPXQG =HLWHLQKHLW DOV )XQNWLRQ
GHV  2UWHVXQGGHU=HLW>N-KP³@








⋅⋅= ρ        >N-@ 
 PLW  F   VSH]LILVFKH:lUPHGHV%HWRQV>N-NJ.@
































⋅−= λ      >N-@ 
 PLW  λ   :lUPHOHLW]DKOGHV%HWRQVLVRWURSHV0DWHULDO>N-P.K@
1DFKGHP*HVHW]GHU(UKDOWXQJGHU(QHUJLHIROJWDXV










































    >.K@ E
 
– 'HUDGLDEDWLVFKH=XVWDQGHQWVWHKWXQWHU%HUFNVLFKWLJXQJGHU=HPHQWPHQJH=GHV












       >.K@ 












.|USHUV 7  [\]W 5DQGEHGLQJXQJ  $UW RGHU GLH :lUPHVWURPGLFKWH GXUFK GLH
*UHQ]IOlFKHQ σ  W 5DQGEHGLQJXQJ  $UW HLQJHJHEHQ ZHUGHQ :HLWHUKLQ VWHKW DOV
5DQGEHGLQJXQJ




 ( ) GWG$77G4 		 ⋅⋅−⋅= α  
XQGGHUDXVGHP,QQHUHQDEJHJHEHQHQ:lUPHPHQJHGXUFK/HLWXQJ
 ( ) GWG$7JUDGG4 
    ⋅⋅⋅−= λ  
'DUDXVIROJW









α   :lUPHEHUJDQJVNRHIIL]LHQWLQIROJH.RQYHNWLRQ>N-P².K@
 7   2EHUIOlFKHQWHPSHUDWXU>&@
'LH:lUPHEHUJDQJV]DKOLQIROJH.RQYHNWLRQα  HUJLEWVLFKIU%HWRQREHUIOlFKHQQDFK
.HKOEHFN>@LQ$EKlQJLJNHLWGHU7HPSHUDWXUXQG:LQGJHVFKZLQGLJNHLWY≤PV
 ( )( )Y77  ﬀﬁ ⋅+−⋅⋅= ,,, ,α    >N-P².K@ 
)U HLQH 7HPSHUDWXUGLIIHUHQ] ( ) .777 ﬂﬃ =−=∆  YHUHLQIDFKW VLFK GLH *OHLFKXQJ V
DXFK7DEHOOH$
 ( ) ( )Y.7 ⋅+⋅== ,,,∆α      >N-P².K@ 
'XUFKGLH%HUFNVLFKWLJXQJHLQHU6FKDOXQJPLWGHU'LFNHG  XQGGHU:lUPHOHLWIlKLJNHLW
λ  HUJLEWVLFKDQVWHOOHGHU:lUPHEHUJDQJV]DKOα  GLH:lUPHGXUFKJDQJV]DKON












 ( )ααβ 5+6D4      ++⋅=       >N-P²K@ 































 βFRV66  ⋅=        >N-P²K@ 
'DEHLLVW6  GLH6WUDKOXQJVHQNUHFKW]XU%DXWHLOREHUIOlFKH1RUPDOVWUDKOXQJ6LHODXWHW
QDFK+HLQGOXQG.RFK>@
 ( )47H[S66 	
 −⋅=       >N-P²K@ 
 PLW
 6WUDKOXQJVLQWHQVLWlW GHU 6RQQH XQWHU %HUFNVLFKWLJXQJ GHV MDKUHV]HLWOLFK
VFKZDQNHQGHQ$EVWDQGHV]ZLVFKHQ(UGHXQG6RQQH
 5+266  =       >N-P²K@ 
  6   PLWWOHUH,QWHQVLWlWGHU6RQQHQVWUDKOXQJDXHUKDOEGHU



















   F   F   
   7U 7UEXQJVIDNWRU    >@
    + +|KHGHV%DXZHUNVVWDQGRUWHVEHU11 >P@
'HU]ZHLWH3DUDPHWHULQGHU*OLVWGHU(LQIDOOVZLQNHOβGHU1RUPDOVWUDKOXQJDXI
HLQH)OlFKH
 ( )[ ]DFRVVLQKFRVFRVKVLQDUFFRV  −⋅⋅+⋅= γααβ   
>@ 
 PLW
 γ )OlFKHQD]LPXW :LQNHO ]ZLVFKHQ 6G XQG 3URMHNWLHUXQJ GHU )Ol
FKHQQRUPDOHDXIGLH+RUL]RQWDOHEHQH>@
 α 	  )OlFKHQQHLJXQJVZLQNHO]XU+RUL]RQWDOHQ>@
 D 6RQQHQD]LPXWZLQNHO +RUL]RQWDOZLQNHO ]ZLVFKHQ 6G XQG 6RQQH
:HVW3RVLWLY
  ( )[ ]{ }KFRVVLQFRVDUFVLQD τωδ ⋅⋅−=    >@ D
   *DD −−=   KW >∀ 
   *DD =    KW ≤≤∀ 
   *DD −=    KW <∀ 
E
 K 6RQQHQK|KH:LQNHO]ZLVFKHQ+RUL]RQWDOHXQG6RQQH
  ( )[ ]τωϕδϕδ ⋅⋅⋅+⋅= FRVFRVFRVVLQVLQDUFVLQK    >@ 















 H++ ⋅=α        >N-P²K@

 PLW
 +   'LIIXVH+LPPHOVVWUDKOXQJIUEHOLHELJRULHQWLHUWH)OlFKHQ
   ( ) ( ) KVLQ66+  ⋅−⋅=     >N-P²K@ 
 
 Ge  (LQVWUDKO]DKOGHUEHWUHIIHQGHQ)OlFKHPLWGHU+LPPHOVIOlFKH
 
  ( )  FRVH α+⋅=     >@  
 5HIOH[LRQGHUGLIIXVHQ6WUDKOXQJ5αIUEHOLHELJRULHQWLHUWH)OlFKHQ

 ( )  H+6U5 ⋅−⋅=α       >N-P²K@ 
 PLW
 U   5HIOH[LRQV]DKOGHU8PJHEXQJ















































































&774 εα  >N-P²K@ 
 
'DEHLLVW SLε GLH(PLVVLRQV]DKOIUODQJZHOOLJH6WUDKOXQJ7DEHOOH$XQG&   
N-P².

K GLH 6WHIDQ%ROW]PDQQ.RQVWDQWH 'LH:lUPHEHUJDQJV]DKO LQIROJH 6WUDK
OXQJNDQQH[SOL]LWPLWGHPQDFKIROJHQGHQ$QVDW]HUIDVVWZHUGHQ>@
 ( ) ( ) ( )   7747777& −=+⋅+⋅⋅⋅= −εα  >N-P².K@ 

'LH$XHQOXIWWHPSHUDWXUIROJWQDFK3HW]ROG>@VDXFK7DEHOOH$
 ( )[ ]	 
  
  YWFRV777 −⋅⋅+= ω       >&@ 
 PLW  7    7DJHVPLWWHOWHPSHUDWXU
   7      7HPSHUDWXUDPSOLWXGH
   W EHWUDFKWHWH7DJHV]HLW
   Y   =HLWSXQNWGHV$XIWUHWHQVGHV7HPSHUDWXUPD[LPXPVDP7DJ

6FKXO]H>@EHZHUWHWGLH6WURPGLFKWHLQIROJH6WUDKOXQJVDXVWDXVFKLQ$EKlQJLJNHLWGHU
%HZ|ONXQJGHV+LPPHOV%HLZRONHQORVHP+LPPHOEHWUlJW4    ELVN-P².






7   QDFK0DFNH\XQG:ULJKW>@PLWHLQHPJHVDPWHQ:lUPHEHUJDQJVNRHIIL]LHQWHQα  
EHQXW]W 'DPLW NDQQZHLWHUKLQ GDV 1HZWRQVFKH $ENKOXQJVJHVHW] ]XU (UIDVVXQJ GHU
:lUPHODVWHQDQGHU2EHUIOlFKHHLQHV%DXZHUNHVYHUZHQGHWZHUGHQ
 ( ) ﬀﬁ ﬂ 774 −⋅= α        >N-P²K@ 




 # $# %%& % 4444 +−=       >N-P²K@ 
IROJWGLH LGHHOOH$XHQOXIWWHPSHUDWXUGXUFK*OHLFKVHW]HQGHUEHLGHQ OHW]WHQ*OHLFKXQ
JHQ
 $ %# %$ %# % 7774477 ∆−∆+=−+= αα    >&@ 

,QGHU*OVLQG∆7   ' XQG∆7  ' GLH7HPSHUDWXUDQWHLOHLQIROJHGHUNXU]E]ZODQJ
ZHOOLJH6WUDKOXQJ
'LH LGHHOOH$XHQOXIWWHPSHUDWXUVRZLHGHUJHVDPWH:lUPHEHUJDQJVNRHIIL]LHQWZHU













HQWZLFNOXQJ LQIROJH+\GUDWDWLRQ YRUDXV'LH %HUHFKQXQJZLUG DXI GHU*UXQGODJHJH
VDPWHUNLQHWLVFKHU0RGHOOHGXUFKJHIKUW
%HLGHUFKHPLVFKHQ5HDNWLRQGHU=HPHQWPLQHUDOHPLW$QPDFKZDVVHUILQGHWHLQH(QHU
JLHlQGHUXQJ LQ )RUP YRQ :lUPH +\GUDWDWLRQVZlUPH VWDWW 'LH +\GUDWDWLRQVZlU




 ∞= 4W4Wα         >@ 

,P %HWRQZLUG GLH+\GUDWDWLRQVZlUPH YRP =HPHQW 0HQJH =XVDPPHQVHW]XQJ XQG
0DKOIHLQKHLWZ]:HUWXQGGHU7HPSHUDWXUEHHLQIOXVVW
'LH+\GUDWDWLRQVZlUPHGHV=HPHQWHVHUJLEWVLFKDXVGHU5HDNWLRQVZlUPHGHU.OLQNHU











GHU +\GUDWDWLRQVJUDGPLW GHU (UK|KXQJ GHV Z]:HUWHV ]X ZHLO EHL QLHGULJHQ Z]
:HUWHQ GLH =HPHQWJHOVWUXNWXU GLFKWHU LVW'DPLW QLPPW GLH'LIIXVLRQVJHVFKZLQGLJNHLW
GHV:DVVHUVDE>@



























































PLW ZDFKVHQGHP $ONDOLHQJHKDOW .   2 1D   2 XQG VLQNHQGHP 6XOIDWLVLHUXQJVJUDG GHU
$ONDOLHQDQVWHLJW:HJHQGHUNXU]HQ'DXHU≈0LQIKUWGLHVH3KDVHQXU]XHLQHP




'DV ]XU 5HJHOXQJ GHV (UVWDUUHQV LP =HPHQW HQWKDOWHQH 6XOIDW UHDJLHUW EHUHLWV LQ GHU
3KDVH,PLWGHP&DOFLXPDOXPLQDWYHUELQGXQJHQ]X(WWULQJLWRGHU0RQRVXOIDW'LHVHOD
JHUQVLFKDOV]XVDPPHQKlQJHQGH+OOHDXIGHQ$OXPLQDWXQG$OXPLQDWIHUULWSDUWLNHOQ

























OLFKH 5HLIHIXQNWLRQHQ DXI LKUH (LJQXQJ ]XU 9RUKHUVDJH GHV (UKlUWXQJVIRUWVFKULWWV EHL
YHUVFKLHGHQHQ(UKlUWXQJVWHPSHUDWXUHQ'DEHLZXUGH IHVWJHVWHOOWGDVV GLH$UUHKQLXV






























(;37)W      >@ 
PLW  (   $NWLYLHUXQJVHQHUJLH>N-PRO@
• 3RUWODQG]HPHQW
    (   N-PRO   ∀7  ≥&
    ( ) 7( −⋅+=   ∀7  &
• +RFKRIHQ]HPHQW>@
    (   N-PRO 




7   0LWWOHUH7HPSHUDWXULP,QWHUYDOOL >&@∀7  ≤&
$OV6WDQGDUGWHPSHUDWXU7 	  ZLUG LG57 	  &YHUZHQGHW'LH:DKOHLQHUDQGHUHQ



































 %LOG5HLIHIXQNWLRQHQQDFK7DEHOOH$PLWHLQHU6WDQGDUGWHPSHUDWXU7   &

0LW +LOIH GHU 5HLIHIXQNWLRQ HQWVWHKW HLQ :HUN]HXJ ZHOFKHV HV HUP|JOLFKW QLFKW
LVRWKHUPH LQ LVRWKHUPH =XVWlQGH ]XUFN]XIKUHQ 'DV JHVFKLHKW GXUFK HLQH HLQIDFKH
=HLWWUDQVIRUPDWLRQZHOFKHLQGHU/LWHUDWXUDOV5HLIH]HLWW  RGHUlTXLYDOHQWH=HLWEH]HLFK
QHWZLUG
 GW7)WW  ⋅= ∫ )( E]Z  W7)WWW ∑ ⋅+= − ∆)(,,  >K@ 
PLW  ∆W   'DXHUGHV=HLWLQWHUYDOOVL>K@
 







*UXQGODJH GHU %HUHFKQXQJVPRGHOOH ELOGHW GLH 0HVVXQJ GHU +\GUDWDWLRQVZlUPH EHL
NRQVWDQWHU 6WDQGDUGWHPSHUDWXU 7V 'HU LVRWKHUPH =XVWDQG ZLUG EHL 9HUVXFKHQ XQWHU
DGLDEDWLVFKHQ 9HUKlOWQLVVHQ DQKDQG GHU 6XEVWLWXWLRQ GHU 5HDO]HLW GXUFK GLH 5HLIH]HLW
JHZRQQHQ
%LOG  'LH 5HLIH]HLW ZLUG PLW +LOIH GHU JHPHVVHQHQ 7HPSHUDWXU EHUHFKQHW 'LH
:lUPHHQWZLFNOXQJT     W  ZLUG DQKDQG HLQHU )RUPIXQNWLRQ IW  ZHOFKHQXU YRQGHU
6WDQGDUGWHPSHUDWXU7 	 DEKlQJWVLPXOLHUW'HU(LQIOXVVYRQ7HPSHUDWXUHQ7  ≠7 	 ZLUG
GXUFKHLQH*HVFKZLQGLJNHLWVIXQNWLRQJ7  HUIDVVWJ7  LVWQLFKWVDQGHUHVDOVGLH5HLIH
IXQNWLRQ8QWHU%HUFNVLFKWLJXQJGHU=HPHQWPHQJH=NDQQGLH UHDOH:lUPHHQWZLFN
OXQJLP%HWRQHUIDVVWZHUGHQ
 W4W4  = 





















































=XU%HVWLPPXQJGHU)RUPIXQNWLRQT    W  ZHUGHQKLHU$QVlW]HDXVGHU/LWHUDWXU>@




GDV EUHLW YRUKDQGHQH *OHLFKXQJVVSHNWUXP 7DEHOOH  HUIDVVW ZHUGHQ 'LH $QVlW]H
QDFK7DEHOOHZHUGHQLQGHU/LWHUDWXUPHLVWHQVIUGHQ+\GUDWDWLRQVJUDGαW  DQJH
JHEHQ=XU$QZHQGXQJGHU*OZHUGHQYRP9HUIDVVHULQGHU7DEHOOHGLH=X

















      >N-NJK@ 



















( )[ ]{ } WW/1D(;3 −+⋅−














[ ]WD(;3QF −⋅−⋅+ 













































T    W  LQ$EKlQJLJNHLWGHV+\GUDWDWLRQVJUDGHVGDUJHVWHOOW'DT    αYRQGHU6WDQGDUG
WHPSHUDWXU7  DEKlQJLJLVWNDQQGXUFKGLH%LOGXQJGHV9HUKlOWQLVVHV]ZLVFKHQGHUDN
WXHOOHQ :lUPHHQWZLFNOXQJ T     XQG LKUHP 0D[LPDOZHUW T    	 
    HLQH WHPSHUDWXU
XQDEKlQJLJH)RUPIXQNWLRQI  αJHZRQQHQZHUGHQ%LOG






















































$XWRU )RUPIXQNWLRQ ( ) TTI    

    
 ααα = 
6FKOOHU>@
• 6FKOOHU[ ]εα −)(W 
• 6FKOOHU[ ]W =+ εα )( 































6FKXWWHU7DHUZH>@ [ ]{ } ( ))()( WE(;3W6,1F  απα ⋅−⋅⋅⋅ 

5HLQKDUGW>@ ( ) ( ))()()()( WG(;3WFWE(;3WD  αααα ⋅−⋅⋅+⋅−⋅⋅ 

 α   +\GUDWDWLRQVJUDGEHLT        
 ε (QGHGHU,QGXNWLRQVSKDVHα εDOVR3KDVH,,QDFK%LOG
DEFGQP1LFKWOLQHDUH5HJUHVVLRQVSDUDPHWHU

'DV 3RWHQ]7ULHENUDIW0RGHOO YRQ 6FKOOHU %LOG  HUIDVVW GDPLW TXDOLWDWLY GDV



































































ZLUG DOV 'LIIHUHQ] ]ZLVFKHQ GHU /|VXQJVZlUPH HLQHU WURFNHQHQ XQK\GUDWLVLHUWHQ =H
PHQWSUREHXQGHLQHUEHUHLQHJHZLVVH=HLWK\GUDWLVLHUWHQ=HPHQWSUREHHUPLWWHOW'LHVH
0HWKRGHHLJQHWVLFKIUHLQ%HWRQDOWHU!7DJHXQGLVWLQGHU',17HLO>@JH
QRUPW $OV0HVVHUJHEQLV ZLUG GLH:lUPHPHQJH GHV =HPHQWHV EHL XQWHUVFKLHGOLFKHQ
=HLWSXQNWHQZLH]%W GGXQGGDQJHJHEHQ'LHVHN|QQHQEHL%HUHFKQXQJHQ
DOV5LFKWZHUWHYHUZHQGHWZHUGHQ
9HUJOHLFKW PDQ GLH DGLDEDWLVFKH .DORULPHWULH DQ %HWRQSUREHQ XQG GLH 'LIIHUHQ]HQ















EHZLUG GXUFK HLQ 6\VWHP /XIWVFKLFKW6FKDXPSRO\VW\URO/XIWVFKLFKW 8PJHEXQJ YHU































>@ >NJP³@ >NJP³@ >@ >NJP³@ >NJP³@
% &(0,,,%
1:+61$
    
% &(0,5     
% &(0,5     
% &(0,5     
% &(0,5     




PD[LPD VLQG DEKlQJLJ YRQGHU =HPHQWIHVWLJNHLWVNODVVH XQG=HPHQWPHQJH$XIJUXQG
GHUYHUJOHLFKVPlLJK|KHU=HPHQWPHQJHZXUGHQEHLP%HWRQ%&(0,5K|KHUH

































































































































































           
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0HVVXQJHQ JHJHEHQ GDQQZLUG GLH 5HLIHIXQNWLRQ QXU HLQPDO EHQ|WLJW0LW+LOIH GHU
5HLIHIXQNWLRQZLUGGLH:lUPHHQWZLFNOXQJGHVUHDOHQ=XVWDQGVLP%DXWHLODXVGHPLVR
WKHUPHQ=XVWDQGHUPLWWHOW'LH5HLIHIXQNWLRQZHOFKHGLH5HDNWLRQVJHVFKZLQGLJNHLWGHV






W       IU]ZHL%HWRQHJOHLFKHU=HPHQWDUWPHQJHXQGZ]:HUWMHGRFKXQWHUVFKLHGOL
FKHU$QIDQJVWHPSHUDWXUHQGDUJHVWHOOW$XVGHP9HUJOHLFKNDQQGLH5HLIHIXQNWLRQEHXU
WHLOWZHUGHQ
)U GLH:lUPHPHQJH HUJLEW VLFK EHVRQGHUV DP $QIDQJ HLQH JXWH hEHUHLQVWLPPXQJ
]ZLVFKHQGHQEHLGHQ%HWRQHQ,P(QGEHUHLFKVLQGJHULQJH$EZHLFKXQJHQHQWVWDQGHQ
'LH $EZHLFKXQJHQ IKUHQ NDXP ]X 8QWHUVFKLHGHQ LQ GHU:lUPHHQWZLFNOXQJ EHLGHU
%HWRQH'DV]HLJWGDVVGLHKLHUJHZlKOWH5HLIHIXQNWLRQJHHLJQHWLVWXPGLH5HDNWLRQV
JHVFKZLQGLJNHLW GHU KLHU YHUZHQGHWHQ %HWRQH ZLHGHU]XJHEHQ 'LH (QWVFKHLGXQJ LQ



















































































VHOEHQ =HPHQW GLH 9HUVXFKH XQWHU DGLDEDWLVFKHQ XQG LVRWKHUPHQ '&$ 5DQGEHGLQ
JXQJHQDQKDQGGHU+\GUDWDWLRQVZlUPHHQWZLFNOXQJYHUJOLFKHQ'LH7UDQVIRUPDWLRQGHU
=HLWLQGLH5HLIH]HLWHUIROJWEHLGHQDGLDEDWLVFKHQ9HUVXFKHQIUHLQH6WDQGDUGWHPSHUD
WXUYRQ7    &

'DV (UJHEQLVGHV9HUJOHLFKHV LVWEHLVSLHOVZHLVH IUGHQ=HPHQW&(0 , 5 LP%LOG
GDUJHVWHOOW'XUFKJOHLFKHQZ]:HUWGHU%HWRQXQG=HPHQWOHLQSUREHQYRQ
OlVVW VLFK GHU (LQIOXVV GHU 0HVVYHUIDKUHQ DXI GLH :lUPHHQWZLFNOXQJ EHXUWHLOHQ 'LH
:lUPHHQWZLFNOXQJVNXUYH DXV GHU'&$0HVVXQJ LVW HWZDXP 6WXQGHQQDFK UHFKWV
YHUVFKREHQ:HLWHUKLQLVWGHU:HUWGHU:lUPHHQWZLFNOXQJEHL(QGHGHU,QGXNWLRQVSH
ULRGH3KDVH,,QDFK%LOG]XQLHGULJ%HLHLQHU7HPSHUDWXUIHOGEHUHFKQXQJIKUWGDV
]XHLQHU ]X ODQJDQGDXHUQGHQ ,QGXNWLRQVSHULRGH'LH9HUVHW]XQJGHU:lUPHHQWZLFN
OXQJVNXUYHXPFD6WXQGHQIKUW]XK|KHUHQ(QGZHUWHQGHU7HPSHUDWXU$XVGLHVHP
*UXQG ZXUGHQ GLH '&$0HVVHUJHEQLVVH GXUFK 9HUVFKLHEXQJ GHU '&$.XUYH LVR





































:HUWHQ GDUJHVWHOOW  (LQ HLQGHXWLJHU XQG VLJQLILNDQWHU (LQIOXVV GHU Z]:HUWH DXI GLH
:lUPHHQWZLFNOXQJLQGHQHUVWHQ6WXQGHQLVWDXVGHQ0HVVHUJHEQLVVHQQLFKW]XHQW
QHKPHQ'DPLWZHUGHQGLH(UJHEQLVVHYRQ7DOSLQ>@EHVWlWLJW$EVFKQ%HLGLH
VHU :HUWXQJ ZXUGH DQJHQRPPHQ GDVV GLH 4XDOLWlW GHU '&$0HVVHUJHEQLVVH QLFKW
GXUFKGLH=HPHQWDUWEHHLQIOXVVWZXUGH'LHVH$QQDKPHZLUGKLHUJHVWW]WGDGHU9HU
ODXIGHU:lUPHQWZLFNOXQJLQGHQ%LOGHUQNHLQHWHQGHQ]LHOOH$EKlQJLJNHLWYRQ
GHU =HPHQWDUW DXIZHLVW (V OlVVW VLFK GDPLW UHVPLHUHQ GDVV GLH $EZHLFKXQJHQ ]ZL
VFKHQ GHU LVRWKHUPHQ XQG DGLDEDWLVFKHQ JHZRQQHQHQ :lUPHHQWZLFNOXQJ DXI GDV
0HVVYHUIDKUHQ]XUFN]XIKUHQXQGDOVJHULQJ]XEHZHUWHQVLQG%HLGH0HVVHUJHEQLVVH
 
ZHUGHQGDPLW DOVJOHLFKZHUWLJ DQJHVHKHQXQG VLQGJHHLJQHWXPGLH )RUPIXQNWLRQ ]X
EHVWLPPHQ
'LH7HPSHUDWXUEHUHFKQXQJZLUG LP$EVFKQLWWGXUFKJHIKUW'XUFKGLH%HVWLPPXQJ
GHU:lUPHPHQJHEHLYROOVWlQGLJHU+\GUDWDWLRQ4∞    DXVGHU7HLOZlUPHGHU.OLQNHUSKD
























































































=XVFKODJVDUW 4XDU] 'RORPLW .DONVWHLQ *UDQLW %DVDOW
:lUPHOHLW]DKOλ>N-P.K@     

)U GHQ )ULVFKEHWRQ NDQQ GLH :lUPHOHLW]DKO EHL JHJHEHQHU %HWRQ]XVDPPHQVHW]XQJ
QDFK0DQGU\>@ZLHIROJWEHUHFKQHWZHUGHQ
 ( )∑ ⋅=    J λλ  
 0LW λi :lUPHOHLW]DKOGHV%HWRQDXVJDQJVVWRIIVQDFK7DEHOOH




%HWRQDXVJDQJVVWRIIH :DVVHU =HPHQW .DONVWHLQ *UDQLW %DVDOW












LVW DXV%URZQ HW DO >@ ]X HQWQHKPHQ9HUVXFKH YRQ6WDIID >@ ]HLJHQ MHGRFK IDVW
NHLQH9HUlQGHUXQJGHU:lUPHOHLW]DKOPLW]XQHKPHQGHU$OWHU

8QWHU GHU $QQDKPH HLQHV OLQHDUHQ =XVDPPHQKDQJV ]ZLVFKHQ :lUPHOHLW]DKO XQG
+\GUDWDWLRQVJUDGIROJWGLH:lUPHOHLW]DKOIUGHQMXQJHQ%HWRQ
 ( ) ( ) ( ) WW αλλλαλ ⋅−+=  
%HLWKHUPLVFKHQ%HUHFKQXQJHQYRQ+DPIOHU>@ZXUGHQXUHLQHJHULQJIJLJHbQGHUXQJ
GHU 7HPSHUDWXU EHL 9DULDWLRQ GHU :lUPHOHLW]DKOHQ IHVWJHVWHOOW 'HVZHJHQ NDQQ EHL






'LH VSH]LILVFKH:lUPHNDSD]LWlW GHV %HWRQV KlQJW XD YRP:DVVHUJHKDOW VRZLH GHU
7HPSHUDWXUXQGGDPLWDXFKYRP+\GUDWDWLRQVJUDGDE 6LH OLHJW IU1RUPDOEHWRQ LP
%HUHLFK]ZLVFKHQXQGN-NJ.>@

%HL VWHLJHQGHP+\GUDWDWLRQVJUDGQLPPWGLH VSH]LILVFKH:lUPHNDSD]LWlW DE  %HL GHQ
8QWHUVXFKXQJHQ YRQ 6WDIID >@ ZXUGH EHL 6WHLJHUXQJ GHV +\GUDWDWLRQVJUDGHV YRQ
ELVHLQH$EQDKPHGHUVSH]LILVFKHQ:lUPHNDSD]LWlWYRQFDELVIHVWJHVWHOOW





 ( )     FW*F*F*F*F ⋅⋅⋅−⋅+⋅+⋅= α   >N-NJ.@ 
 PLW *  *  *   *HZLFKWVDQWHLOHYRQ=XVFKODJ=HPHQWXQG:DVVHU>@
 F  F  F 	  VSH]LILVFKH :lUPH GHV =XVFKODJV =HPHQWVWHLQV
  XQG:DVVHUV>@ >N-NJ.@
F    F     F 	    
 
9HUJOHLFKVUHFKQXQJHQQDFK+DPIOHU >@PLWYDULLHUWHQ:lUPHNDSD]LWlWHQHUJDEHQQXU
JHULQJH 8QWHUVFKLHGH EHL GHQ HUUHFKQHWHQ 7HPSHUDWXUYHUOlXIHQ 'LH 9RUDXVVHW]XQJ













OHQ $XHQOXIWWHPSHUDWXU HUIDVVW 'HU %HUHFKQXQJVDQVDW] IU GLH 6WURPGLFKWH LQIROJH
NXU]ZHOOLJHU6WUDKOXQJZXUGHDQKDQGYRQPHWHRURORJLVFKHQ0HVVXQJHQYHULIL]LHUWXQG








+HUDQJHKHQVZHLVH %HL GHU %HUHFKQXQJ GHU +\GUDWDWLRQVZlUPHHQWZLFNOXQJ ZLUG GHU
7HPSHUDWXUHLQIOXVVDQKDQGGHU*HVFKZLQGLJNHLWVIXQNWLRQVHSDULHUW'DVHUP|JOLFKWGLH
%HVWLPPXQJGHU)RUPIXQNWLRQPLW+LOIHYRQ9HUVXFKVHUJHEQLVVHQ(VZXUGHQGDIUHL
JHQH9HUVXFKHPLW XQWHUVFKLHGOLFKHQ %HWRQ]XVDPPHQVHW]XQJHQ DQKDQG GHU DGLDEDWL
 
VFKHQ.DORULPHWULHXQGXQWHUVFKLHGOLFKHQ=HPHQWDUWHQPLWGHULVRWKHUPHQ.DORULPHWULH
'&$ GXUFKJHIKUW %HL GHU $EOHLWXQJ GHU )RUPIXQNWLRQZXUGH IHVWJHVWHOOW GDVV GLH
:lUPHHQWZLFNOXQJ LP LVRWKHUPHQ =XVWDQG DXV HLQHU %HWRQSUREH XQG DXV HLQHU =H
PHQWOHLPSUREHZHQLJGLIIHULHUHQ9RUDXVVHW]XQJGDIULVWGDVVGLHJHZlKOWH5HLIHIXQN
WLRQGDV9HUKDOWHQGHV]XXQWHUVXFKHQGHQ=HPHQWHVJXWZLHGHUJLEW+LHUIUZXUGHDQ
KDQG GHU 9HUVXFKVHUJHEQLVVH GLH (LJQXQJ GHU $UUHKQLXVIXQNWLRQ EHVWlWLJW:HLWHUKLQ
ZDU GHU (LQIOXVV GHUZ]:HUWH DXI GLH:lUPHHQWZLFNOXQJ LQ GHQ HUVWHQ GUHL 7DJHQ











:lUPHGHKQXQJε   GHUHQ*U|HYRQGHP3URSRUWLRQDOLWlWVIDNWRU:lUPHGHKQ]DKOαT 
LQ.EHVWLPPWZLUG



























EHQGHQ9RUVFKODJ YRQ'HWWOLQJ >@ GXUFKZHLWHUH HPSLULVFKH.RUUHNWXUEHLZHUWH HU
ZHLWHUW'DGXUFKZLUGGHU(LQIOXVVYRQ)HXFKWHXQG$OWHUDE0RQDWHQEHUFNVLFKWLJW
 [ ]  	 	 

	 III αβαβαβα ⋅+⋅+⋅⋅⋅⋅=  >.@ 
0LW α          :lUPHGHKQ]DKO GHU =HPHQWSDVWH S EHL:DVVHUVlWWLJXQJ
GHU IHLQHQ=XVFKOlJH )=XQG GHUJUREHQ=XVFKOlJH *=
VLHKH7DEHOOH$
β         9ROXPHQDQWHLOYRQ=HPHQWSDVWHXQGYRQIHLQHQVRZLHJUR
EHQ=XVFKOlJHQ









































































EHQ LP HUVWDUUWHQ %HWRQ YHUXUVDFKW ZLUG 'DGXUFK N|QQHQ GLH 'UXFNVSDQQXQJHQ
QDFK%LOGEHUNOlUWZHUGHQ1DFK3ODQQHUHU>@ZXUGHQ'UXFNVSDQQXQJHQYRQ
σ  1PP²EHLNRQVWDQWHU7HPSHUDWXUYRQ7 &XQGσ  1PP²EHL
7 &JHPHVVHQ'LHVH6SDQQXQJHQZXUGHQEHLHLQHU=HLWYRQK7 &
E]ZK7 &HUUHLFKW
– 6WDGLXP ,,, 9HUNU]XQJ ZHOFKH HLJHQWOLFK GDV FKHPLVFKH 6FKZLQGHQ GDUVWHOOW (V
ILQGHWHLQ$EEDXGHU'UXFNVSDQQXQJHQVWDWW%LOGE
 
– 6WDGLXP ,9'LH=XJVSDQQXQJHQEHJLQQHQ VLFKQDFK3ODQQHUHU >@ DEHLQHP=HLW
SXQNWYRQK7 &XQGYRQK7 &]XHQWZLFNHOQ1DFK7DJH
ZXUGHQ =XJVSDQQXQJHQ YRQ σ    1PP² 7   & XQG σ    1PP²
7 &JHPHVVHQ
$XFK EHL GHQ 9HUVXFKHQ YRQ 6FK|SSHO >@ ]XP FKHPLVFKHQ 6FKZLQGHQ HUJDEHQ VLFK
'UXFNVSDQQXQJHQNOHLQHUDOVσ  1PP²XQGXQWHUKDOEYRQσ  1PP²

    




















 $XQG&  $)GHQJU|WHQ(LQIOXVV
( ) ( )





























 PLW : ε   FKHPLVFKHV6FKZLQGHQ  
 

  :)(  Wα  +\GUDWDWLRQVJUDGGHU.OLQNHUSKDVHL
  L  $QWHLOGHU.OLQNHUSKDVHLLQ

%HL YROOVWlQGLJHU +\GUDWDWLRQ GHU .OLQNHUSKDVHQ α  W    OlVVW VLFK DXV *O  GHU
*UXQGZHUWGHVFKHPLVFKHQ6FKZLQGHQVε∞DEOHLWHQ
















IXQNWLRQ WWI     DQJHJHEHQ

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 D  E 
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0D]DUV>@ 	  

[ ])()(  WNWN ∆∆ −⋅ 

/DSODQW>@    )( Wα∆  

0LW ∆W    ,QNUHPHQWHGHU5HLIH]HLW
 ∆.W   ,QNUHPHQWHGHU5HLIHQDFK&DULQR*O





]HLWW   JHVWHXHUWZLUG

,QGHUYRUOLHJHQGHQ$UEHLWZHUGHQEHUZLHJHQGPDVVLJH%DXWHLOHEHKDQGHOWVRGDVVGLH
PD[LPDOH7HPSHUDWXU LP%DXWHLO EHU& OLHJW )UGHUDUWLJH %DXWHLOHZXUGHQYRQ
3ODQQHUHU>@'UXFNVSDQQXQJHQYRQσ 1PP²JHPHVVHQ%HLKRKHQ7HPSHUDWX
UHQZLUGGLHVHU:HUWQRFKNOHLQHU'LH9HUQDFKOlVVLJXQJGHU'UXFNVSDQQXQJHQYHUXU
VDFKW GHVZHJHQ QXU JHULQJIJLJH $EZHLFKXQJHQ ]X GHP WDWVlFKOLFKHQ =XVWDQG 'HU
(QWZLFNOXQJVEHJLQQGHVFKHPLVFKHQ6FKZLQGHQVZLUGLQGLHVHU$UEHLWEHLHLQHU5HLIH]HLW






'LH 7HPSHUDWXUIHOGHU VLQG HLQHUVHLWV (LQZLUNXQJHQ IU GLH 9HUIRUPXQJVEHUHFKQXQJHQ
XQGDQGHUHUVHLWV(LQIOXVVSDUDPHWHUIUGLH(QWZLFNOXQJGHU0DWHULDONHQQZHUWH'UXFN
XQG =XJIHVWLJNHLW (ODVWL]LWlWVPRGXO .ULHFK E]Z 5HOD[DWLRQV]DKO GHV %HWRQV 'HU






  ( ) ( )αWNGIWI     ⋅= 
  ( ) ( )      NWNGIWI α⋅= 
  ( ) ( )	 
 
 NWNG(W( α⋅= 
  ( ) ( ) NWNGYWY α⋅= 


  PLW N  W  α  (UKlUWXQJVIXQNWLRQIUGLH'UXFNIHVWLJNHLW
   N   W  αN   (UKlUWXQJVIXQNWLRQIUGLH=XJIHVWLJNHLW
   N  W  αN   (UKlUWXQJVIXQNWLRQIUGHQ(0RGXO
   N  W  αN    (UKlUWXQJVIXQNWLRQIUGLH4XHUGHKQ]DKO

'LH YRUKDQGHQHQ$QVlW]H ]XU (QWZLFNOXQJ GHU'UXFNIHVWLJNHLW I    $QODJH$ GHU




PDOEHWRQ XQG DQGHUVHLWV GXUFK GLH 5HLIH]HLW 'UXFNIHVWLJNHLW E]Z GHQ +\GUDWDWL
RQVJUDGHUIDVVW'HU(ODVWL]LWlWVPRGXOGLH'UXFNXQG=XJIHVWLJNHLWQDFKHLQHU5HLIH]HLW










'LH 0DWHULDONHQQZHUWH ZHUGHQ LQ GHU /LWHUDWXU DXV QLFKW HLQKHLWOLFKHQ 3UREHN|USHUQ
JHZRQQHQ(VLVWDOVR]XSUIHQRE*U|HXQG$UWGHU3UREHN|USHU(LQIOXVVDXIGLH(U
KlUWXQJVIXQNWLRQ KDEHQ 'DIU ZHUGHQ GLH 9HUVXFKH YRQ:LHULJ*ROODVEDFK >@ LQ
GLHVHU+LQVLFKWDXVJHZHUWHW,Q%LOGVLQGGLH9HUVXFKVHUJHEQLVVHIUGLH'UXFNIHVWLJ
NHLWDQ:UIHOQPLW.DQWHQOlQJHFPN         ﬀ XQGFPN        ﬁ ﬀ VRZLH=\OLQGHU
PLWGK FPN    ﬂ ﬃ    XQGGK FPN    ﬂ ﬃ  ﬁ ﬀ GXUFKGHQ9HUIDVVHUDXV

















   













GDUJHVWHOOW >@'HPQDFKJLOW IUGHQ=XVFKODJGHU OLQHDUH=XVDPPHQKDQJZlK





































IJLJH5HVWGHKQXQJ0LNURULVVH'HU%UXFK ILQGHW LQHLQHP ORNDOHQ%HUHLFKGXUFKGLH
9HUEUHLWHUXQJ YRQ0LNURULVVHQ VWDWW 9RU GHP (UUHLFKHQ GHU %UXFKGHKQXQJ HQWVWHKHQ











XQWHUGHUEH]RJHQHQ εσ − /LQLHPLWGHQ*UHQ]ZHUWHSDDU  I   ε  'HPQDFKHUUHLFKW
GLH $UEHLWVOLQLH  XQWHU 'UXFNEHDQVSUXFKXQJ HLQ 0D[LPXP EHL FD I      1PP²
FD W   K =XGLHVHP=HLWSXQNWZLUGGHUK|FKVWHQLFKWOLQHDUH9HUODXIGHU  εσ − 
/LQLHHUUHLFKW0LWIRUWVFKUHLWHQGHU(UKlUWXQJQLPPWGLH1LFKWOLQHDULWlWQDFK:LHULJ>@
















































0&R>@XQWHU%HUFNVLFKWLJXQJGHVFKDUDNWHULVWLVFKHQ:HUWHV)UDNWLOI    













$QVlW]H ZHUGHQ GXUFK HLQHQ $QIDQJVZHUW GHU )HVWLJNHLWVHQWZLFNOXQJ HLQJHVFKUlQNW
7DEHOOH













ZHUGHQ GHU Z]:HUW XQG GHU =HLWSXQNW GHV %HJLQQV GHU )HVWLJNHLWVHQWZLFNOXQJ







































− ⋅⋅= ,/, 


































































$W   β I=HPHQWDUWZ]
( )[ ]7(H[S$N ﬀ +−⋅= 
W    G



























































α  Z]  
α  Z]  
>@F E 
α  &(0, 
α  &(0,,, 
>@F E 










































'HU=XJEUXFK LP%HWRQ WULWWKDXSWVlFKOLFK LQGHU9HUEXQGIOlFKH]ZLVFKHQ0DWUL[XQG
JUREHP =XVFKODJVNRUQ DXI %HWRQH PLW JURHP =XVFKODJVNRUQ ZHLVHQ EHL JOHLFKHP





VFKHQ=XJ%LHJHXQG6SDOW]XJ'HU%HJULII =XJIHVWLJNHLWZLUGKLHU IUGLH ]HQWULVFKH
=XJIHVWLJNHLWYHUZHQGHW (LQPDWKHPDWLVFKHU=XVDPPHQKDQJ]ZLVFKHQGHQGUHL)HV
























 PLW I 
    ,, =  1PP² 
   I   =  1PP²

'LH (QWZLFNOXQJ GHU =XJIHVWLJNHLWZLUG LQ $EKlQJLJNHLW GHU 'UXFNIHVWLJNHLW XQG GHP







































, WI   ≤ 1PP²















































































































 PLW I   

    = 1PP² 
   I   











ZLUGQRFK LQGHQ7DQJHQWHQPRGXO LP8UVSUXQJGHUσε/LQLHVRZLH LQGHQ6HNDQWHQ
PRGXO ]ZLVFKHQGHP8UVSUXQJXQG  ¡ GHU %UXFKIHVWLJNHLW XQWHUJOLHGHUW8P




























 PLW ( $ ﬁ  1PP² 

















$XWRU $QVDW] G(W(WN      =  %HPHUNXQJHQ

%\IRUV>@

























































































W =β  GW  ≤ 
W =β  GWG  ≤< 







































)U GHQ MXQJHQ %HWRQ ILQGHWPDQ LQ GHU /LWHUDWXU YHUHLQ]HOWH 9HUVXFKVHUJHEQLVVH ]XU
%HVWLPPXQJGHU4XHUGHKQ]DKOZLHYRQ1HZPDQ>@2OXRNXQ>@%\IRUV>@XQG
'H6FKXWWHU7DHUZH>@,Q7DEHOOHXQG%LOGVLQGGLH$QVlW]HQDFK%\IRUV>@
XQG'H 6FKXWWHU7DHUZH >@ GDUJHVWHOOW (LQ *UHQ]ZHUW YRQ Y    NDQQ IU GHQ
)ULVFKEHWRQYRUDXVJHVHW]WZHUGHQGLHVHUHQWVSULFKWGHP:HUWIUHLQH]lKH)OVVLJNHLW
0LWGHP%HJLQQGHU(UKlUWXQJVLQNWGLH4XHUGHKQ]DKODXIHLQHQ0LQLPDOZHUWYRQHWZD




































( )[ ] ( )















































'HU =XVDPPHQKDQJ ]ZLVFKHQ NULHFKHU]HXJHQGHU 6SDQQXQJ XQG .ULHFKYHUIRUPXQJHQ
LVW  ELV ]XHLQHU 6SDQQXQJYRQELVGHU'UXFNIHVWLJNHLWQDKH ]X OLQHDU'LH
9HUIRUPXQJHQVLQGKLHUIUYRQGHUDNWXHOOHQ6SDQQXQJVK|KHXQDEKlQJLJ

'LH .ULHFKYHUIRUPXQJ ( )τε W  ]XP=HLWSXQNW W LQIROJH HLQHU ]XP=HLWSXQNW τ  DXIJH
EUDFKWHQ6SDQQXQJNDQQEHL$QQDKPHGHUOLQHDUHQ.ULHFKWKHRULHPLW+LOIHGHU.ULHFK
]DKO ( )τϕ W DOV9LHOIDFKHVGHUHODVWLVFKHQ9HUIRUPXQJ ( )τε   HUPLWWHOWZHUGHQ
 ( ) ( ) ( )WWW   ετϕτε ⋅=  
'LH ODVWDEKlQJLJH *HVDPWYHUIRUPXQJ HUJLEW VLFK GXUFK GLH $GGLWLRQ GHU HODVWLVFKHQ
9HUIRUPXQJ ( )τε   ]XU.ULHFKYHUIRUPXQJ ( )τε W 
 












 PLW ( )τW-  .ULHFKIXQNWLRQ>PP²1@
   ( )τW&  VSH]LILVFKHV.ULHFKHQ>PP²1@
'LH*OHLFKXQJZLUGDXFKRIWYHUHLQIDFKHQGGXUFKGHQ(IIHNWLYHQ(ODVWL]LWlWVPRGXO
DXVJHGUFNW




















WLRQVEHLZHUWHV ( )τψ W RGHUGHU5HOD[DWLRQVIXQNWLRQ ( )τW5 DEOHLWHQ]X
 ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )τεττεττψτστψτσ    W5(WWW ⋅=⋅⋅=⋅=  
:HJHQ GHU YHUKlOWQLVPlLJ EUHLWHQ 9HUIJEDUNHLW YRQ .ULHFKGDWHQ LQ GHU /LWHUDWXU
ZHUGHQRIW5HOD[DWLRQVDQVlW]HDXVGHP.ULHFKHQXPJHUHFKQHW7URVW>@JLEWGDIU
GHQ=XVDPPHQKDQJDQ










−=  >@ 
 PLW ≈ρ  DOWHUVDEKlQJLJHU%HLZHUWQDFK5RVWiV\+HQQLQJ>@
(LQZHLWYHUEUHLWHWHU=XVDPPHQKDQJ]ZLVFKHQ.ULHFK]DKOXQG5HOD[DWLRQVEHLZHUWZLUG
GXUFKGLH*OHLFKXQJ




 ( ) 	 
 
(W-W5 == ττ  >1PP²@ 
JHZRQQHQZHUGHQ%D]DQW.LP>@JHEHQGDIUHLQHQZHLWHUHQHPSLULVFKHQ=XVDP
PHQKDQJDQZHOFKHUVLFKGHUH[DNWHQ/|VXQJDQQlKHUW


















































(LQH hEHUSUIXQJ GHU *O  XQG  PLW GHQ 9HUVXFKHQ YRQ :LH
ULJ*ROODVFKEDFK>@GXUFKGHQ9HUIDVVHU]HLJWDEHLQHP$OWHUYRQK]XIULHGHQVWHO










































JHP %HWRQ ZLUG RIW GHU (ODVWL]LWlWVPRGXO EHL HLQHP %HODVWXQJV]\NOXV EHVWLPPW >@












ϕ   &   DXVGUFNHQ




GDUJHVWHOOW (V LVW KLHU ]XEHPHUNHQGDVVGLHPHLVWHQ$QVlW]HDXV9HUVXFKHQDEGHP
HUVWHQ7DJJHZRQQQHQZXUGHQ'HVZHJHQHUJHEHQVLFKEHLGHP%HODVWXQJVDOWHULQGLH
VHP%HUHLFKGLHJURHQ$EZHLFKXQJHQ)UZHLWHUH%HWUDFKWXQJHQZHUGHQQXUGLH$Q






$XWRU %HODVWXQJVDOWHU ( )τϕ    &  %HODVWXQJVGDXHUIWτ
( ) ( ) ( )



















( )[ ]H[S τµ −= 
≤µ 





































































( ) H[S ﬂﬃ +⋅−⋅= ταϕ
&(0,,,%
  ταϕ ⋅−= 

&(0,













































































































































6DWR>@ ( )[ ]   −++⋅= τϕ    ττβ ⋅+⋅= 

























































'HU*UDGGHU9HUIRUPXQJVEHKLQGHUXQJ δ  EHVDJWZLH YLHO IUHLH'HKQXQJ VLFK LQ$E
KlQJLJNHLWGHV0DWHULDOJHVHW]HVLQ6SDQQXQJHQXPVHW]W
    εε=δ  
  PLW  ε  'HKQXQJZHOFKH]XU=ZDQJVVSDQQXQJIKUW
   ε  IUHLH'HKQXQJ
'LH %HKLQGHUXQJ GHU9HUIRUPXQJ NDQQ ]XP HLQHQ GXUFKGDV %DXWHLO VHOEVW ¯LQQHUH
9HUIRUPXQJVEHKLQGHUXQJRGHUYRQDXHQ]%GXUFKVWDUUH)HVWKDOWXQJGHU%DXWHLO
HQGHQ¯lXHUH£9HUIRUPXQJVEHKLQGHUXQJHUIROJHQ
'LH LQQHUH9HUIRUPXQJVEHKLQGHUXQJ WULWW VRZRKO EHL VWDWLVFK EHVWLPPWHU DOV DXFK EHL
VWDWLVFKXQEHVWLPPWHU/DJHUXQJHLQHV%DXWHLOVDXI6LHZLUGLPPHUGDQQZLUNVDPZHQQ
VLFKEHQDFKEDUWH7HLOEHUHLFKHGHV%HWRQTXHUVFKQLWWVXQWHUVFKLHGOLFKYHUIRUPHQP|FKWHQ

























δ  >@ 
 PLW F )HGHUNRQVWDQWH >01P²@
  $ 4XHUVFKQLWWVIOlFKH >P²@
  / /lQJHGHV.|USHUV >P@
'XUFKGHQHIIHNWLYHQ(ODVWL]LWlWVPRGXO(     LVWGLH'HKQVWHLILJNHLWXQGGDPLWDXFKGHU
%HKLQGHUXQJVJUDG]HLWDEKlQJLJ(LQHYROOH%HKLQGHUXQJ =δ ZLUGQDFK*OEHL




















=    >@ 
 
 PLW ($, (ODVWL]LWlWVPRGXO)OlFKHXQG7UlJKHLWVPRPHQWGHU:DQG
 (   $   ,    (ODVWL]LWlWVPRGXO )OlFKH XQG 7UlJKHLWVPRPHQW GHV
   )XQGDPHQWHV

%HLPDVVLJHQ%DXWHLOHQDXI)HOVXQWHUJUXQGNDQQGHU4XHUVFKQLWWGHVEHKLQGHUQGHQ)HOV
HWZD PLW GHP IDFKHQ GHV EHKLQGHUWHQ %HWRQTXHUVFKQLWWV DQJHQRPPHQ ZHUGHQ













'LH 6SDQQXQJHQ LP MXQJHQ %HWRQEDXWHLO lQGHUQ VLFKPLW GHU =HLW %HL YHUlQGHUOLFKHU
6SDQQXQJVRGHU'HKQXQJVJHVFKLFKWHZHUGHQEHLHLQDFKVLJHQ=XVWlQGHQGLH*OHLFKXQ
JHQXQGGXUFKIROJHQGH,QWHJUDOHHUJlQ]W
 ( ) ( ) ( ) ( )τεττσεσ


 W-W +⋅= ∫

 E]Z 



















W-W HVH +⋅⋅= ∫


%  E]Z 




  W5W τττ HHV %   
PLW
 ( )ﬀﬁ ﬂﬃ ﬁﬂ ﬃﬁ ﬁﬃ ﬃﬂ ﬂ σσσσσσ =V   





























































































=XU )RUPXOLHUXQJ GHV 0DWHULDOJHVHW]HV ZLUG GDV QXPHULVFKH .RQ]HSW GHU TXDVL
HODVWLVFKHQ /LQLH−− εσ QDFK%D]DQW>@DQJHZHQGHW'DEHLZLUGGLH=HLWWLQGLHGLV
NUHWH=HLW W  U PLWGHP=HLWLQNUHPHQW −−=∆  WWW XQWHUWHLOW8QWHUGHU$Q
ZHQGXQJGHU7UDSH]UHJHONDQQ]%GLH*OHLFKXQJZLHIROJWDQJHQlKHUWZHUGHQ


















6FKUHLEWPDQ LQ*O  GLH DNWXHOOH 6SDQQXQJPLW+LOIH GHU 6SDQQXQJVLQNUHPHQWH
σ∆ VREHVWHKWKLHUGLH$XIJDEHGHQ6SDQQXQJV]XZDFKV σ∆ E]Z'HKQXQJV]XZDFKV
ε∆ ]XEHVWLPPHQ
  εεε ∆+= −   E]Z  σσσ ∆+= −   
















 ( ) WW-( −=′′  
 






















'DEHLNDQQ ( ′′ DOV3VHXGRHODVWLVFKHU0RGXOXQG ε ′′∆ DOVLQHODVWLVFKH'HKQXQJEH]HLFK
QHWZHUGHQ'XUFK ε ′′∆ ZLUGGDV¯*HGlFKWQLV£GHV%HWRQVDNWLYLHUW ,KUH%HVWLPPXQJ
HUIROJWYRUGHU/|VXQJGHV=HLWLQNUHPHQWHV −−=∆ 			 WWW 

'XUFK (LQVHW]HQ GHU *OHLFKXQJHQ  XQG  LQ  IROJW GHU 6SDQQXQJV]X
ZDFKV]X














































GUXFNHV LQ*O QLFKWEHUFNVLFKWLJWYHUHLQIDFKWVLFK*O EHLYROOHU9HUIRU
PXQJVEHKLQGHUXQJ =∆ε ]XIROJHQGHP$XVGUFN



























































 PLW µτ  5HWDUGDWLRQVE]Z5HOD[DWLRQV]HLW

 




( ) ( )[ ] ( ) ( )[ ]
( ) ( ) ( )[ ]





















































'LHGUHLOHW]WHQ6XPPHQZXUGHQ]XU0LQLPLHUXQJGHU6HQVLELOLWlWYRQ ( )τµ( HLQJHIKUW
'LH:LFKWXQJVIDNWRUHQZ  Z  XQGZ 	 VLQGQDFK(UIDKUXQJ]XEHVWLPPHQ

1DFK%D]DQWHWDO>@HQWVSUHFKHQ ( )τµ& GHQ(ODVWL]LWlWVPRGXOQGHU.HOYLQ(OHPHQWH
XQG ( )τµ( GHQ(0RGXOQGHU0D[ZHOO(OHPHQWH%LOGXQG'LH5HWDUGDWLRQV
















/HJWPDQGLH*O]XJUXQGHN|QQHQGLH3DUDPHWHU ( ′′ XQG ε ′′∆ QDFK%D]DQDW:X
>@XQWHUGHU9HUZHQGXQJGHU0D[ZHOO(OHPHQWHQHXEHUHFKQHWZHUGHQ

































( ) ( ) ( )( ) ( ) ( ) ( ) WW(W\H[SWW HHVV ∆−∆⋅⋅⋅+∆−⋅= −− %µµµµµ λ  









   −= µµ ττ  
 G =τ  G =τ  
'DEHLVLQGGLH6FKUHLEZHLVHQ µσ XQG ( )Wµσ  LGHQWLVFK)UGHQ-XQJEHWRQLVWPLW1 












( )( )[ ] ( ) ( )








































,Q GLHVHP $EVFKQLWW ZXUGHQ GLH *UXQGODJHQ GHU 6SDQQXQJVEHUHFKQXQJ DEJHOHLWHW








EHWRQXQG DQGHUVHLWVGXUFKGLH5HLIH]HLW 'UXFNIHVWLJNHLW E]Z GHQ+\GUDWDWLRQVJUDG
HUIDVVW'LH (UKlUWXQJVIXQNWLRQEHVFKUHLEWGLH ]HLWOLFKH(QWZLFNOXQJGHU0DWHULDONHQQ
ZHUWH$QKDQGGHU'UXFNIHVWLJNHLWZXUGHQDFKJHZLHVHQ GDVV GLH$UW XQG*U|HGHU
3UIN|USHUNDXP(LQIOXVVDXIGLH(UKlUWXQJVIXQNWLRQHQKDEHQ:HLWHUKLQZDUHQGLH'LI
IHUHQ]HQ GHU GLYHUVHQ (UKlUWXQJVIXQNWLRQHQ IU GLH 'UXFNIHVWLJNHLW GLH =XJIHVWLJNHLW









IXQNWLRQ EHUIKUW 'LHV JHVFKDK DQKDQG HLQHV ([SRQHQWLDODQVDW]HV GHVVHQ (LJQXQJ















































































































9RUJDEHQ GHU 'UXFNIHVWLJNHLW =XJIHVWLJNHLW XQG (ODVWL]LWlWVPRGXO GHV 1RUPDOEHWRQV
ZHUGHQGLH(UKlUWXQJVIXQNWLRQHQ LQ$EKlQJLJNHLWGHU7HPSHUDWXUJHVFKLFKWH%LOG
XQG GDPLW GLH0DWHULDONHQQZHUWH GHV MXQJHQ %HWRQV IU MHGHQ*DXSXQNW EHUHFKQHW


































YRQ GHU*U|H GHV )(0 0RGHOOV XQG GHU$Q]DKO GHU =HLWLQNUHPHQWH /DVWIlOOH DE
'LHV EHHLQIOXVVW DXFK GLH 'DXHU GHU %HUHFKQXQJ LQ $EKlQJLJNHLW GHU YHUIJEDUHQ
+DUGZDUH%HL8QWHUVXFKXQJV]HLWHQ]%YRQ6WXQGHQIKUWGLH7HLOXQJGHU=HLWEH








9RUXQWHUVXFKXQJHQPLW GHU ,QWHUJUDOO|VXQJ $EVFKQ  HUJDEHQ GDVV DXIJUXQG
GHV6SHLFKHUSODW]HVLQGHUYHUZHQGHWHQ+DUGZDUHQXUPD[LPDO=HLWVFKULWWHEHUHFK


























GHU )RUPIXQNWLRQ LQ$EKlQJLJNHLWGHU5HLIH]HLW $EVFKQPLW+LOIHQLFKWOLQHDUHU
5HJUHVVLRQVDQDO\VH ]X EHVWLPPHQ 'LH $XVZHUWXQJ GHU $QVlW]H HUIROJW DQKDQG GHV
+\GUDWDWLRQVJUDGHVIUHLQHQODQJVDPXQGHLQHQVFKQHOOHUHUKlUWHQGHQ=HPHQW

)U GHQ ODQJVDP HUKlUWHQGHQ =HPHQW&(0 ,,,% 1:+61$ % QDFK %LOG 
XQWHUVFKHLGHQVLFKGLH$QVlW]HNDXP'DV3DUDPHWHUPRGHOQDFK:HVFKH >@ ]HLJW
OHLFKWK|KHUH:HUWHLQGHU$QIDQJVXQG(QGSKDVH%LV]XHLQHU5HLIH]HLWYRQ7DJHQ
















   






















GHQVLQG'DVZUGHQDFK%LOGEHGHXWHQGDVVDEHWZDW     	  KGLH:lUPH
HQWZLFNOXQJ IDVW1XOOZLUG$OV )ROJHGDUDXV HQWVWHKHQ ]XQLHGULJH+\GUDWDWLRQVJUDGH
LP(QGEHUHLFK
'DV3DUDPHWHUPRGHOOYRQ:HVFKH>@OLHIHUWKLHUGLHK|FKVWHQ+\GUDWDWLRQVJUDGHLP
$QIDQJV XQG (QGEHUHLFK 'HU 8QWHUVFKLHG ]XP 3DUDPHWHUPRGHOO EHWUlJW KLHU
∆α $QIDQJVEHUHLFKXQGEHU∆α (QGEHUHLFK,P=HLWLQWHUYDOO]ZLVFKHQ





















   































D    :HVFKH
E    
D    
E    
-RQDVVRQ
WN    
D    
E    
F    
5DVWUXS
Q    














HQWZLFNOXQJ LQ$EKlQJLJNHLW GHU 5HLIH]HLW QDFK %LOG  GDUJHVWHOOW $XV GHP9HUODXI
YRQ )(  WT IROJWGDVVGLH$QVlW]HPLW ( )[ ]εα +W XQG ( )[ ]W =+ εα VLFKNDXPXQWHUVFKHL
GHQ-HGRFKNDQQDXV%LOGHQWQRPPHQZHUGHQGDVVGLH%HVWLPPXQJGHU5HJUHVVL
RQVSDUDPHWHUEHLP$QVDW]PLW ( )[ ]εα +W EHVRQGHUV LQGHU(YROXWLRQVSKDVHPLWJURHQ














           	 

               



























' ( ) * ( + ( ) , , (




























%LOG   )RUPIXQNWLRQHQ LQ $EKlQJLJNHLW GHU
5HLIH]HLW





( ) εα =W LVWGHU=XZDFKVGHU:lUPHHQWZLFNOXQJJOHLFK1XOODOVR ( ) T =α∆ 'DPLWYHU
lQGHUW VLFK DXFK GHU DNWXHOOH +\GUDWDWLRQVJUDG QLFKW $OV /|VXQJZLUG GLH 6WW]VWHOOH





GLH JHPHVVHQH DGLDEDWLVFKH 7HPSHUDWXU HLQJHWUDJHQ ,P %HUHLFK ]ZLVFKHQ  XQG 
6WXQGHQZXUGHIUXQWHUVFKLHGOLFKH$QIDQJVZHUWHGHV+\GUDWDWLRQVJUDGHVHLQH7HPSH
UDWXUGLIIHUHQ]YRQ∆7 .IHVWJHVWHOOW%HLDOOHQXQWHUVXFKWHQ=HPHQWHQ]HLJWVLFKGDVV





















0HVVXQJ αο=0,01 αο=ε=0,051 αο=ε+0,01 αο+0,015

%LOG$GLDEDWLVFKH7HPSHUDWXUEHL9DULDWLRQGHU$QIDQJVEHGLQJXQJ ( ) Wα 
 EHLP$QVDW]6FKOOHU&(0,5

$OV OHW]WHU )DOOZLUG GHQ$QVDW]6FKOOHU  ( )[ ]W =+ εα  DOVR =ε  XQWHUVXFKW %HL
QXPHULVFKHQ%HUHFKQXQJHQLVWKLHUGLH9RUJDEHHLQHV$QIDQJVZHUWHVIUGLH6WW]VWHOOH
( )W =α QRWZHQGLJGD ( ) T =α∆ LVW*HQDXVRZLHEHLPYRUKHULJHQ$QVDW]KlQJWGLH
'DXHUGHU,QGXNWLRQVSHULRGHYRP:HUW ( )W =α DE,P=HLWLQWHUYDOO]ZLVFKHQELV
6WXQGHQZXUGHIUXQWHUVFKLHGOLFKH$QIDQJVZHUWHGHV+\GUDWDWLRQVJUDGHVHLQ7HPSH
UDWXUXQWHUVFKLHGELV]X∆7 .IHVWJHVWHOOW %LOG'LH1DFKUHFKQXQJGHUDGLDEDWL
VFKHQ 9HUVXFKH HUJDE EHL DOOHQ XQWHUVXFKWHQ =HPHQWHQ GDVV EHL GHU $QQDKPH




















0HVVXQJ αο=0,01 αο=ε−0,02 αο=ε=0,051












P    
6FKOOHU
Q    
P    
6FKOOHU
Q    
T         
ε    





























'LH JXWH hEHUHLQVWLPPXQJ ]ZLVFKHQ NDOLEULHUWHQ 0RGHOOHQ DXI %DVLV YRQ '&$



































JHQ HQWVSUHFKHQG %LOG  JHPHVVHQ 'LH %HWRQ]XVDPPHQVHW]XQJ HQWVSULFKW GHU GHV
%HWRQV%GHU7DEHOOH'DV)XQGDPHQWZXUGHLP6RPPHUDELQ
6FKLFKWHQEHWRQLHUW'LHPLWWOHUHQ)ULVFKEHWRQWHPSHUDWXUHQEHWUXJHQ7     &IUGLH
HUVWH6FKLFKW7     &IUGLH]ZHLWHXQG7    &IUGLHGULWWH6FKLFKW'LHPLWWOHUHQ
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+ P + P + P



















JHQ GHU PHWHRURORJLVFKHQ 'DWHQ YRQ 2VWGHXWVFKODQG QDFK 3H]ROG >@ XQG 3HLWVFK
>@XQWHUVXFKW'LH:HUWHYRQ3HLWVFK>@ZXUGHQDOV4XDQWLOGHUDXIJHWUH
WHQHQPD[LPDOHQ 7HPSHUDWXU 7         LQ  -DKUHQ HUPLWWHOW 'LH $XHQOXIWWHPSHUDWXU




XQWHUVFKHLGHQVLFKLPEHWUDFKWHWHQ=HLWUDXPXPPD[LPDO∆7    .'LH=HLWSXQNWHGHV
(UUHLFKHQVGHU7HPSHUDWXUPD[LPDXQGPLQLPDZXUGHQGXUFKGLHUHFKQHULVFKHQ$QVlW
]HJXWHUIDVVW'LH$PSOLWXGHGHUEHUHFKQHWHQ:HUWHOLHJWLQGHQHUVWHQ7DJHQZHLW
EHU GHQ0HVVZHUWHQ 'LH $XHQOXIWWHPSHUDWXU QDFK 3H]ROG >@ HUVFKHLQW IU GLHVHQ





























'LH DQIDOOHQGH 6WURPGLFKWH DXI GLH %DXWHLOREHUIOlFKH HQWVWHKW KDXSWVlFKOLFK DXV GHU
NXU]ZHOOLJHQ 6WUDKOXQJ 6LH NDQQ LQ GLUHNWH 5+6I4   ααβ=  XQG LQGLUHNWH
5+I4  αα= 6RQQHQHLQZLUNXQJXQWHUWHLOWZHUGHQ'LH6WURPGLFKWH LP6FKDWWHQEH













































'LH 7HPSHUDWXU GHV %DXWHLOV LVW GXUFK GLH:LUNXQJ GHU LQQHUHQ XQG lXHUHQ:lUPH
QLFKWNRQVWDQWEHUGHQ4XHUVFKQLWW'HP]XIROJHHQWVWHKWDXFKHLQH|UWOLFKH9HUWHLOXQJ





JUDG 7         *O  EHUHFKQHW ,Q HLQHP )(00RGHOOZLUG EHL GHU (UPLWWOXQJ YRQ







'HU 7HPSHUDWXUYHUODXI LQ GHU KRUL]RQWDOHQ (EHQH %LOG  ]HLJW HLQHJXWHhEHUHLQ
VWLPPXQJ]ZLVFKHQ5HFKQXQJXQG0HVVXQJ'LH8QWHUVFKLHGHVRZRKOLP.HUQZLHLP




















0HVVXQJ[ P 0HVVXQJ[ P























0HVVXQJ] P 0HVVXQJ] P









DXI GLH %HUHFKQXQJVDQQDKPHGHU GLUHNWHQ 6RQQHQHLQZLUNXQJPLWZRONHQIUHLHP+LP
PHO]XUFN]XIKUHQ'LHVH$QQDKPHZLUGGXUFKGLH0HVVZHUWHQLFKWEHVWlWLJW*HQDX
































%HVWLPPXQJ GHU 5HJUHVVLRQVSDUDPHWHU 'HPHQWVSUHFKHQG LVW GHU $QVDW] PLW GHP
3DUDPHWHUPRGHOOPHKU IU GHQ ODQJVDPXQGQRUPDO HUKlUWHQGHQ=HPHQW JHHLJQHW
%HL VFKQHOO HUKlUWHQGH =HPHQWH LVW ]X HPSIHKOHQ PLQGHVWHQV HLQHQ $QVDW] PLW
3DUDPHWHUQ]XYHUZHQGHQ%HLP$QVDW]PLWGHP3DUDPHWHUPRGHOOZXUGHQ]XIULH
GHQVWHOOHQGHQ(UJHEQLVVHQQXUGRUWHUUHLFKWZRGLH+\GUDWDWLRQZlUPHDXV0HVVXQJHQ









SUREHQ LVW DOWHUQDWLY ]XU DGLDEDWLVFKHQ %HWRQNDORULPHWULH HLQ:HJ YRUKDQGHQ GHU HV









• 'LH (UIDVVXQJGHU$XHQOXIWWHPSHUDWXUPLW VWDWLVWLVFKHQ0HVVHUJHEQLVVHQ IKUW ]X
K|KHUHQ:HUWHQGHU5DQGWHPSHUDWXU'LH%HUHFKQXQJHQ OLHJHQ MHGRFKDXIGHU VL
FKHUHQ6HLWH
• ,P MXQJHQ %HWRQ IKUHQ EHL )(0%HUHFKQXQJHQ JUREH 9HUQHW]XQJ GHV 5DQGEH
UHLFKV DXIJUXQG GHUPD[LPDOHQ .HUQWHPSHUDWXUHQ ]X K|KHUH 5DQGWHPSHUDWXUHQ
+LHULVWHQWVSUHFKHQGHLQHIHLQH9HUQHW]XQJ]XZlKOHQ







=XU %HXUWHLOXQJ GHV (LQIOXVVHV GHU 0DWHULDONHQQZHUWH DXI GLH 6SDQQXQJVHQWZLFNOXQJ
ZHUGHQ GLH9HUVXFKH YRQ3ODQQHUHU >@ DQ0RGHOOEDXWHLOHQPLW XQWHUVFKLHGOLFKHQ'L
FNHQXQG)ULVFKEHWRQDQIDQJVWHPSHUDWXUHQQDFKJHUHFKQHW'LH9HUVXFKHPLWGHU%HWRQ




'LHVH VLQG LP%LOG IUXQWHUVFKLHGOLFKH$QIDQJVWHPSHUDWXUHQXQG LP%LOG IU














































¡  EHVFKULHEHQ 'DV .ULHFKHQ ZLUG GXUFK GHQ $QVDW] YRQ 6DWR >@ $EVFKQ
HUIDVVW
 









NDXP9HUlQGHUXQJHQ LQ GHU 6SDQQXQJVHQWZLFNOXQJ 'LHPD[LPDOHQ 6SDQQXQJVGLIIH
UHQ]HQWUHWHQLP%HUHLFKHUK|KWHU=XJVSDQQXQJHQDXI%HLHLQHP=HLWSXQNWYRQW K
EHZLUNW GLH (UK|KXQJ YRQ  Q  DXI Q  HLQH 6WHLJHUXQJ GHU =XJVSDQQXQJ YRQ
σ DXI1PP² ,PGLHVHP)DOOHQWVWDQGHLQH$EQDKPHGHVPD[LPDOHQ=HLWLQ









































GLH =HLWLQNUHPHQWH LQGHU GHNDGLVFKHQ 6NDODJHULQJHU DOV LQ GHU ORJDULWKPLVFKHQ 6NDOD

























0HVVXQJ>@ ]L K ]L K ]L K













'LH %HUHFKQXQJ RKQH %HUFNVLFKWLJXQJ GHV 0DWHULDOVJHGlFKWQLVVHV IKUW ]X KRKHQ
'UXFNVSDQQXQJHQ XQG QLHGULJHQ =XJVSDQQXQJHQ 'LH =XJIHVWLJNHLW GHV %HWRQV ZLUG
GDPLWVSlWHUHUUHLFKW
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ﬃ     ! " 

 # $ % & '  ( ) # ( * '  ! & +   ,  

%LOG  (LQIOXVV GHU XQWHUVFKLHGOLFKHQ (UKlUWXQJVIXQNWLRQHQ IU GLH 'UXFNIHVWLJNHLW
DXI6SDQQXQJVHQWZLFNOXQJ(ODVWL]LWlWVPRGXOQDFK%\IRUV

'LH 6SDQQXQJVHQWZLFNOXQJPLW GHP (ODVWL]LWlWVPRGXO QDFK%\IRUV *O  XQG GHU
'UXFNIHVWLJNHLW QDFK 7DEHOOH  XQG %LOG  LVW LQ %LOG  GDUJHVWHOOW'LH =\OLQGHU
GUXFNIHVWLJNHLW QDFK  7DJHQ ZXUGH DOV 0LWWHOZHUW PLW I - . G  1PP² DXV







)U GHQ (ODVWL]LWlWVPRGXO ZXUGHQ DXFK XQWHUVFKLHGOLFKH (UKlUWXQJVIXQNWLRQHQ YRUJH


























      	   
  	   















ﬃ     ! " 

 # $ % & '  ( ) # * +   , ' , -    . 

%LOG    (LQIOXVV GHU XQWHUVFKLHGOLFKHQ (UKlUWXQJVIXQNWLRQHQ IU GHQ (ODVWL]LWlWVPRGXO
DXIGLH6SDQQXQJVHQWZLFNOXQJ







$ GLH PLWWOHUHQ (ODVWL]LWlWVPRGXOQ ( - / 0 1 2 3 G  1PP² QDFK %\IRUV XQG
( - / 0 1 2 3 G 1PP² QDFK&(% EHUHFKQHW:HLWHUKLQZHUGHQPLW GHPXQWHUHQ
XQGREHUHQ)UDNWLOZHUWGHU)HVWLJNHLWGLH(ODVWL]LWlWVPRGXOQ( - / 0 1 3 G 1PP²
































1PP² )UDNWLOσ 1PP²)UDNWLOXQGσ ¡1PP² ()UDNWLO
'LH%HUHFKQXQJPLWGHP(ODVWL]LWlWVPRGXOQDFK&(% IKUW ]XU'UXFNVSDQQXQJHQYRQ
σ ¡1PP² )UDNWLOXQGσ ¡1PP² )UDNWLO
0LWGHP(ODVWL]LWlWVPRGXOQDFK%\IRUVZXUGHQEHLW K=XJVSDQQXQJHQYRQσ 
1PP² )UDNWLO σ  1PP² )UDNWLO XQG σ  1PP² )UDNLO









JHIKUW ZHUGHQ 'DV 9HUKlOWQLV ]ZLVFKHQ EHLGHQ 0LWWHOZHUWHQ GHV (ODVWL]LWlWVPRGXOV














0LW ]XQHKPHQGHU (UKlUWXQJ JHZLQQW GHU $QWHLO GHV FKHPLVFKHQ 6FKZLQGHQV DQ *H
ZLFKW EHL GHU 6SDQQXQJVHQWZLFNOXQJ 'LHPD[LPDOHQ:HUWH WUHWHQ QDFK GHU ]ZHLWHQ
1XOOVSDQQXQJVWHPSHUDWXU LP =XJEHUHLFK DXI =XP =HLWSXQNW YRQ W K EHWUlJW GLH
6SDQQXQJLQIROJHFKHPLVFKHQ6FKZLQGHQVσ 1PP²'HP]XIROJHZLUGGLH=XJ




'LH=XJVSDQQXQJHQ LQIROJHFKHPLVFKHQ6FKZLQGHQV OLHJHQ LP%HUHLFKGHU0HVVZHUWH
YRQ3ODQQHUHU >@XQG6FK|SSHO >@$XIHLQH1DFKUHFKQXQJGHU6SDQQXQJHQ LQIROJH















































































=XJVSDQQXQJHQ EHL W K EHWUDJHQ σ 1PP² 7D]DZD XQG σ  1PP²
*XWVFK'DGXUFKHQWVWHKHQPD[LPDOH=XVSDQQXQJVXQWHUVFKLHGHEHGLQJWHGXUFKGLH
GUHL $QVlW]H YRQ ∆σ  1PP² %H]RJHQ DXI GHQ $QVDW] YRQ 6DWR EHWUlJW GHU
6SDQQXQJVXQWHUVFKLHGGHUEHLGHQ$QVlW]H∆σ 1PP²

'LH=XJVSDQQXQJHQHUUHLFKHQ LQGHU0HVVXQJGLH=XJIHVWLJNHLWYRQI -   .  1PP²
EHL FD K1DFKGHU %HUHFKQXQJ HQWVWHKW GHU5LVV LP%HWRQEHL HLQHU =XJIHVWLJNHLW
YRQI -   .  1PP² *XWVFK'LHUHFKQHULVFKH=XJIHVWLJNHLWZLUGDXIJUXQGGHU=XJ
VSDQQXQJVXQWHUVFKLHGHEHLW K7D]DZDXQGW K6DWRHUUHLFKW

'LH  YHUZHQGHWHQ .ULHFKDQVlW]H ZXUGHQ PLW +LOIH YRQ 9HUVXFKHQ PLW HLQHP %HODV
WXQJVDOWHUJU|HUDOV6WXQGHQNDOLEULHUW%HLGHU%HUHFKQXQJZXUGHLQGHQHUVWHQ
6WXQGHQGHVZHJHQ HLQH%HJUHQ]XQJGHU.ULHFKIXQNWLRQ YRUJHQRPPHQ  %HLP$QVDW]












'XUFK 9HUZHQGXQJ YRQ %HWRQHQ PLW GHQ $QIDQJVWHPSHUDWXUHQ YRQ 7$ & XQG
7$ &NDQQGDV.RQ]HSWGHU5HLIH]HLWEHLGHU6SDQQXQJVEHUHFKQXQJEHXUWHLOWZHU
GHQ
%HL GHP%HWRQPLW GHU$QIDQJVWHPSHUDWXU YRQ7$ & LVW LQ %LOG GLHhEHUHLQ
VWLPPXQJ]ZLVFKHQ5HFKQXQJXQG0HVVXQJJXW
=XP=HLWSXQNW YRQ W KZXUGHQ'UXFNVSDQQXQJHQYRQσ 1PP² JHPHVVHQ
'LH %HUHFKQXQJ HUJDE 'XFNVSDQQXQJHQ YRQ σ  1PP² 7D]DZD σ 




'LH 0HVVXQJ GHU =XJVSDQQXQJHQ ]XP =HLWSXQNW YRQ W K HUJDE HLQHQ:HUW YRQ
σ 1PP²%HLGHU%HUHFKQXQJZXUGHQ=XJVSDQQXQJHQYRQσ 1PP²7D
]DZDσ 1PP² 6DWR XQG σ 1PP²*XWVFKIHVWJHVWHOOW'HUPD[LPDOH





























%HLGHU$QIDQJVWHPSHUDWXU YRQ7$ & LQ%LOGZDUGLHhEHUHLQVWLPPXQJ]ZL
VFKHQ0HVVXQJXQG5HFKQXQJZHQLJHUJXW
,Q GHU (UZlUPXQJVSKDVH ZXUGH QDFK  6WXQGHQ HLQH 'UXFNVSDQQXQJ YRQ σ 
1PP²JHPHVVHQ'LHUHFKQHULVFKH'UXFNVSDQQXQJZDUPLWσ 1PP²7D]DZD
σ 1PP² 6DWR XQG σ 1PP²*XWVFKQLHGULJHUDOVEHLGHU0HVVXQJ'HU




'LH EHUHFKQHWH ]ZHLWH 1XOOVSDQQXQJVWHPSHUDWXU ZXUGH EHL W K 7D]DZD XQG
W K*XWVFKHUUHLFKW%HLGHU0HVVXQJWUDWGLHVH]XP=HLWSXQNWW KDXI
,Q GHU $ENKOXQJVSKDVH ZXUGH QDFK  6WXQGHQ HLQH =XJVSDQQXQJ YRQ σ 
1PP² JHPHVVHQ. 'LH ]XJHK|ULJHQ EHUHFKQHWHQ =XJVSDQQXQJHQ EHWUXJHQ σ 






























































GHQ$QIDQJVWHPSHUDWXUHQ YRQ7$ &XQG7$ &JOWLJ LVW'LHVHU 6DFKYHUKDOW
ZLUGDXFKEHLGHP%HUHFKQXQJVPRGHOOZLHGHUJHEHQ
9HUJOLFKHQ PLW GHQ $QIDQJVWHPSHUDWXUHQ YRQ 7$ & XQG 7$  & ZXUGHQ YRQ
3ODQQHUHU >@ EHL7$ &K|KHUH'UXFNVSDQQXQJHQJHPHVVHQ'DUDXV HUJHEHQ VLFK





VHU 9HUGDFKW LVW LP 0RPHQW VFKZHU EHUSUIEDU GD QXU ZHQLJH 0HVVXQJHQ GHU



























   	

























%HL HLQHU%DXWHLOGLFNHYRQG P ILQGHW HLQH VFKQHOOH$ENKOXQJ VWDWW'LH%HUHFK
QXQJVDQVlW]HVLQGJXW LQGHU/DJHGHQ6SDQQXQJV]XVWDQGVRZRKODXI'UXFNZLHDXI
=XJZLHGHU]XJHEHQ%LOG
,Q GHU (UZlUPXQJVSKDVH LVW QDFK  6WXQGHQ HLQH 'UXFNVSDQQXQJ σ  1PP²
JHPHVVHQ ZRUGHQ 'LH EHUHFKQHWHQ 'UXFNVSDQQXQJHQ ZDUHQ ]X GLHVHP =HLWSXQNW
JOHLFKσ 1PP²7D]DZDσ 1PP² 6DWR XQG σ 1PP²*XWVFK
'LH PD[LPDOHQ 6SDQQXQJVXQWHUVFKLHGH LQ GHU %HUHFKQXQJ EHWUXJHQ GDPLW ∆σ 
1PP². 
'LH UHFKQHULVFKH]ZHLWH1XOOVSDQQXQJVWHPSHUDWXU WUDWEHL W K 7D]DZDXQG W K
*XWVFKDXI*HPHVVHQZXUGHHLQH]ZHLWH1XOOVSDQQXQJVWHPSHUDWXUEHLW K

,Q GHU $ENKOXQJVSKDVH ZXUGHQ =XJVSDQQXQJHQ ]XP =HLWSXQNW W K YRQ σ 
1PP²7D]DZDσ 1PP² 6DWR XQG σ 1PP² *XWVFKEHUHFKQHW'LH































'UXFNVSDQQXQJ YRQ σ  1PP² JHPHVVHQ $XV GHU %HUHFKQXQJ HUJDEHQ VLFK
'UXFNVSDQQXQJHQYRQσ 1PP²7D]DZDσ 1PP² 6DWR XQG σ 
1PP²*XWVFK
'LH]ZHLWH1XOOVSDQQXQJVWHPSHUDWXUZXUGHUHFKQHULVFK]ZLVFKHQW K7D]DZDXQG
W K*XWVFK HUUHLFKW'HU]XJHK|ULJH0HVVZHUWEHWUXJW K
'LH ODQJVDPH$ENKOXQJIKUWQDFK6WXQGHQ]XHLQHUJHPHVVHQHQ=XJVSDQQXQJ
YRQσ 1PP²'LHEHUHFKQHWHQ=XJVSDQQXQJHQEHWUXJHQσ 1PP²7D]D





































9HUJOLFKHQPLW GHQ0HVVZHUWHQZXUGHQPLW GHP$QVDW] YRQ*XWVFK GLH QLHGULJVWHQ
PLWGHP$QVDW]YRQ7D]DZDGLHK|FKVWHQXQGPLW$QVDW]YRQ6DWRGLHPLWWOHUHQ=XJ
VSDQQXQJHQ EHUHFKQHW $OV )ROJH GDUDXVZLUG GLH =XJIHVWLJNHLW GHV %HWRQV ]X XQWHU
VFKLHGOLFKHQ=HLWSXQNWHQHUUHLFKW


















A = 0.80 … 1.13
B = 0.50 … 0.80
C = 0.00 … 0.50
D = -1.00 … 0.00
E = -1.73 …-1.00
t = 4 d
Temperatur [°C]
A = 55.0 … 56.5
B = 50.0 … 55.0
C = 40.0 … 50.0
D = 30.0 … 40.0
E = 25.8 … 30.0




















4XHUVFKQLWWHV ]XP =HLWSXQNW W K HUUHLFKW VR GDVV GLH PD[LPDOH (UZlUPXQJ
∆7      . EHWUlJW 'LHVHU 7HPSHUDWXUXQWHUVFKLHG ∆7      LVW HLQ0D ]XU %HXUWHLOXQJ

GHU =ZDQJVVSDQQXQJHQ 'UXFN LQ GHU (UZlUPXQJVSKDVH 'HU:lUPHYHUOXVW DQ GHQ
(UGERGHQ LVW GHPHQWVSUHFKHQG JHULQJHU DOV DQ GLH $XHQOXIW $P REHUHQ 5DQGZLUG
HLQHPD[LPDOH(UZlUPXQJYRQ∆7      &XQGDPXQWHUHQ5DQGYRQ∆7      &HU
UHLFKW %LV  6WXQGHQ NKOW VLFK GHU .HUQ XP ∆7     . GHU XQWHUH 5DQG XP
∆7      .XQGGHUREHUH5DQGXP∆7      .DE0LW∆7     LVWHLQH%HXUWHLOXQJGHUPD
[LPDOHQ=ZDQJVVSDQQXQJHQ=XJLQGHU$ENKOXQJVSKDVHP|JOLFK
'LH$ENKOXQJEHUGLH3ODWWHQUlQGHUIKUWH]XHLQHP7HPSHUDWXUXQWHUVFKLHG]ZLVFKHQ
.HUQXQGREHUHP3ODWWHQUDQGYRQ∆7    .XQG]ZLVFKHQ.HUQXQGXQWHUHP3ODWWHQ
UDQGYRQ∆7    .'LHVH7HPSHUDWXUXQWHUVFKLHGHZHUGHQ]XP=HLWSXQNWW KDXI
∆7    . .HUQREHUHP3ODWWHQUDQGXQGDXI∆7    . .HUQXQWHUHU3ODWWHQUDQG UH
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]ZHLWH1XOOVSDQQXQJVWHPSHUDWXU VSlWHU HUUHLFKW'LH 6SDQQXQJHQ LP.HUQ GHV4XHU
VFKQLWWHVHUUHLFKHQLQGHU'UXFNSKDVHGHQ0D[LPDOZHUWYRQσ 1PP² QDFK 
6WXQGHQ'HUREHUH5DQGZLUGQDFK6WXQGHQDXI=XJEHDQVSUXFKW'LH6SDQQXQJHQ

ZHUGHQ KDXSWVlFKOLFK LP .HUQ YRQ GHUPD[LPDOHQ (UZlUPXQJ∆7      XQG DP REHUHQ
5DQGYRP7HPSHUDWXUXQWHUVFKLHG∆7    EHHLQIOXVVW'HU$EEDXGHU'UXFNVSDQQXQJHQ
ILQGHW LP.HUQVFKQHOOHUDOVDP5DQGVWDWWGDGHUPD[LPDOH7HPSHUDWXUXQWHUVFKLHGLQ
GHU$ENKOXQJVSKDVH∆7      LP.HUQJU|HU DOV DP5DQG LVW$XHUGHP ILQGHW LQ GHU
$ENKOXQJVSKDVHGHV%DXWHLOVHLQH(UK|KXQJYRQ∆7    XQGHLQHJOHLFK]HLWLJH5HGX]LH













IU GLH 'UXFNIHVWLJNHLW GDV (ODVWL]LWlWVPRGXO XQG GDV .ULHFKHQ JXW LQ GHU /DJH GLH
6SDQQXQJVHQWZLFNOXQJGHV%HWRQVZLHGHU]XJHEHQ'LH9DULDWLRQGHV(ODVWL]LWlWVPRGXOV
GHV1RUPDOEHWRQVEHZLUNWHHLQH(UK|KXQJGHUPD[LPDOHQ'UXFNE]Z=XJVSDQQXQJHQ
LP %DXWHLO 'HU =HLWSXQNW GHU ]ZHLWHQ 1XOOVSDQQXQJVWHPSHUDWXU EOLHE DEHU NRQVWDQW













GHQ HUVWHQ 7DJHQ HUZLHV VLFK DOV JHHLJQHWHV0LWWHO XP GLH IHKOHQGHQ0HVVGDWHQ ]X
NRPSHQVLHUHQXQGGDPLWGLH=ZDQJVVSDQQXQJHQZLUNOLFKNHLWVQDK]XEHUHFKQHQ

'LH 8QWHUVXFKXQJHQ KDEHQ JH]HLJW GDVV QXUPLW HLQHP0DWHULDOJHVHW] ZHOFKHV GDV
0DWHULDOJHGlFKWQLV HUIDVVW ZLUNOLFKNHLWVQDKH =ZDQJVVSDQQXQJHQ LP MXQJHQ %HWRQ ]X
HUPLWWHOQ VLQG 9HUHLQIDFKXQJHQ PLW GHP HIIHNWLYHQ (ODVWL]LWlWVPRGXO IKUHQ ]XU
hEHUVFKlW]XQJ GHU =ZDQJVVSDQQXQJHQ EHVRQGHUV LQ GHU (UZlUPXQJVSKDVH ,Q GHQ
XQWHUVXFKWHQ%HLVSLHOHQZDUGLHPD[LPDOH'UXFNVSDQQXQJXPFDJU|HU:LUG
GDV 6SDQQXQJVYHUKDOWHQ LQ GHU $ENKOXQJVSKDVH EHL $QQDKPH JOHLFKHU PD[LPDOHU
'UXFNVSDQQXQJEHZHUWHWGDQQZHUGHQGLHhEHUVFKlW]XQJHQGHU=XJVSDQQXQJHQ UH
GX]LHUW









VWDUN YRQ GHQ 7HPSHUDWXUXQWHUVFKLHGHQ∆7    XQG∆7     EHHLQIOXVVW'XUFK GLH (LJHQ
VSDQQXQJHQZHUGHQGLH=ZDQJVVSDQQXQJHQ'UXFNLP.HUQHUK|KWXQGDP5DQGUH
GX]LHUW 'LH ]ZHLWH 1XOOVSDQQXQJVWHPSHUDWXU LP .HUQ ZLUG VSlWHU HUUHLFKW XQG DP
5DQGEHUHLFKWUHWHQIUK]HLWLJH=XJVSDQQXQJHQDXI
,QGHU$ENKOXQJVSKDVHGHV%DXWHLOV ILQGHWHLQHJOHLFK]HLWLJH(UK|KXQJYRQ∆7     EHL
JOHLFK]HLWLJHU5HGXNWLRQYRQ∆7   VWDWW 'DEHLZDUGLHPD[LPDOH$ENKOXQJ LP.HUQ















)XQGDPHQWHV HUIROJW LQ HLQHP *XVV %HL GHU 8QWHUVXFKXQJ ZHUGHQ ]XQlFKVW GLH =H
PHQWPHQJHXQG¡DUWEHLGHU%HWRQV]XVDPPHQVHW]XQJYDULLHUW)UGHQ%HWRQPLWGHP
+RFKRIHQ]HPHQWZLUGEHL$QQDKPHHLQHU$XHQOXIWWHPSHUDWXUYRQ& XQG:lU
PHEHUJDQJVNRHIIL]LHQWHQ QDFK 7DEHOOH $ GLH )ULVFKEHWRQDQIDQJVWHPSHUDWXU YRQ
&DXI &XQG&YHUlQGHUW VRZLHGHU%HWRQYRQ LQQHQJHNKOW ,PZHLWHUHQ
6FKULWWZLUGGLH$XVZLUNXQJGHV%HWRQLHUHQVLQGHQ0RQDWHQ$SULOXQG-XOLXQWHUVXFKW

%HLP )(00RGHOO ZLUG GLH 'RSSHOV\PPHWULH DXVJHQXW]W )U GLH 7HPSHUDWXUIHOGEH
UHFKQXQJZXUGHQDOV5DQGEHGLQJXQJLQGHU6\PPHWULHDFKVHDGLDEDWLVFKH9HUKlOWQLVVH













































)U GLH8QWHUVXFKXQJZHUGHQGLH %HWRQH% )$%HWRQ XQG% 3=%HWRQ JHZlKOW
'LH=HPHQWPHQJHGHV3=%HWRQVYRQNJP³ ZLUGGXUFKGLH=XJDEHYRQNJP³















































'XUFK GLH 'LFNH GHV %DXWHLOV VLQG KRKH .HUQWHPSHUDWXUHQ YRUKDQGHQ 'LH PD[LPDOH
7HPSHUDWXU EHLP 3=%HWRQ YRQ 7 &ZXUGH EHLP )$%HWRQ DXI 7 & JHVHQNW
'DV 7HPSHUDWXUPD[LPXPZXUGH EHL FD DFKW 7DJHQ HUUHLFKW 'HU .HUQ HUZlUPW VLFK
PD[LPDOXP∆7      .3=%HWRQXQG∆7      .)$%HWRQ1DFKGHP(UUHLFKHQGHU

PD[LPDOHQ7HPSHUDWXUNKOWVLFKGHU.HUQELV]XP7DJHQXP∆7     .3=%HWRQ
XQG∆7      .)$%HWRQDE
'HUXQWHUH5DQGHUZlUPWVLFKPD[LPDOXP∆7      .3=%HWRQXQG∆7      .)$
%HWRQ'LHPD[LPDOH 7HPSHUDWXUZXUGH DXIJUXQGGHU:lUPHDEJDEH ]XP(UGERGHQ
QDFK GUHL 7DJHQ HUUHLFKW 'DQDFK ILQGHW HLQH $ENKOXQJ ELV ]XP  7DJHQ YRQ




WXUXQWHUVFKLHG]ZLVFKHQ.HUQXQGREHUHP5DQGZXUGHYRQ∆7    .3=%HWRQDXI
∆7    .)$%HWRQJHVHQNW$PXQWHUHQ5DQGEHWUXJHQGLHPD[LPDOHQ7HPSHUDWXU
XQWHUVFKLHGH∆7    .3=%HWRQXQG∆7    .)$%HWRQ
σx [N/mm²]
A = 1.80  … 2.26
B = 1.00 … 1.80
C = 0.00 … 1.00
D = -1.00 …0.00
E = -2.00 …-1.00
F = -2.36 … -2.00
t = 5 d
Temperatur [°C]
A = 59.0 … 61.0
B = 55.0 … 59.0
C = 45.0 … 55.0
D = 35.0 … 45.0
E = 27.1 … 35.0














'LH 6SDQQXQJHQ LQIROJH7HPSHUDWXU HUJHEHQ VLFKDXVGHUhEHUODJHUXQJGHU=ZDQJV
XQG(LJHQVSDQQXQJHQV%LOG'DGXUFKZLUGGLH]ZHLWH1XOOVSDQQXQJVWHPSHUDWXU
LP.HUQ]XHLQHP=HLWSXQNWQDFK7DJHQHUUHLFKW'HUHQWVSUHFKHQGH7HPSHUDWXUXQ
WHUVFKLHG XQWHU GHP 7HPSHUDWXUPD[LPXP LVW GDPLW K|KHU DOV ∆7      . 'LH 'UXFN





$PXQWHUHQ5DQGZXUGHGLH]ZHLWH1XOOVSDQQXQJVWHPSHUDWXUFD∆7      .XQWHUKDOE
GHU PD[LPDOHQ 7HPSHUDWXU HUUHLFKW 'DV ZHLVW DXI JHULQJIJLJH (LJHQVSDQQXQJHQ






=HLWSXQNWZLUG GDV0D[LPXP YRQ∆7    HUUHLFKW'LHPD[LPDOH =XJIHVWLJNHLW QDFK 













[LPDO∆7 .'LHPD[LPDOH(UZlUPXQJGHV.HUQVEHWUXJ∆7      .+2=%HWRQXQG
∆7      .)$%HWRQ%LV]XHLQHP=HLWSXQNWYRQ7DJHQNKOWVLFKGHU.HUQEHLGHU
%HWRQHXPFD∆7     .DE
%HLP+2=%HWRQZXUGHGHUXQWHUH5DQGQDFK7DJHQXP∆7      .PD[LPDOHU
ZlUPW 'HU PD[LPDOH 7HPSHUDWXUXQWHUVFKLHG ]ZLVFKHQ EHLGHQ %HWRQHQ DP XQWHUHQ
5DQG EHWUXJ∆7 .'LH HQWVSUHFKHQGH$ENKOXQJGHV+2=%HWRQVEHWUXJELV ]XP
7DJH∆7      .
'HU PD[LPDOH 7HPSHUDWXUXQWHUVFKLHG ]ZLVFKHQ .HUQ XQG REHUHP 5DQG EHWUXJ
∆7    .+2=%HWRQE]Z∆7    .)$%HWRQVRZLH]ZLVFKHQ.HUQXQGXQWHUHP





YRQσ 1PP²LP.HUQXQGσ 1PP² LPXQWHUHQ5DQGZHUGHQQDFKVHFKV
7DJHQE]Z7DJHQHUUHLFKW'LHPD[LPDOHQ'UXFNVSDQQXQJVXQWHUVFKLHGH]ZLVFKHQ







GLH$EQDKPH YRQ∆7    JHULQJIJLJ DE]XIDOOHQ EHJLQQHQ'LHVH ODJHQ EHL GHQ EHLGHQ
%HWRQHQEHUGHQ=XJIHVWLJNHLWHQ'LHPD[LPDOH=XJVSDQQXQJGHV+2=%HWRQVEHWUXJ
σ  1PP 'LH =XJVSDQQXQJHQ EHLGHU %HWRQH XQWHUVFKHLGHQ VLFK PD[LPDO XP
∆σ 1PP². =XP=HLWSXQNWGHUPD[LPDOHQ=XJVSDQQXQJHQEHWUXJGLH=XJIHVWLJ


















































'LH8QWHUVXFKXQJHQ LQ GHQQDFKIROJHQGHQ$EVFKQLWWHQZHUGHQPLW GHP+2=%HWRQ
GXUFKJHIKUW 'XUFK LKUH )ULVFKEHWRQWHPSHUDWXUHQ YRQ 7$ & ZLUG DXFK GLH %H








'LH )ULVFKEHWRQDQIDQJVWHPSHUDWXUGHV+2=%HWRQVYRQ7$ & &%HWRQZLUG
GXUFK GLH .KOXQJ GHU %HWRQDXVJDQJVVWRIIH DXI 7$ & &%HWRQ KHUDEJHVHW]W
'XUFKGLHQLHGULJH$QIDQJVWHPSHUDWXUZLUGGLH5HDNWLRQVJHVFKZLQGLJNHLWGHU+\GUDWD



















































'LH PD[LPDOH 7HPSHUDWXU GHV &%HWRQV YRQ 7 & LP .HUQ ZXUGH QDFK ]HKQ
7DJHQHUUHLFKW%LOG'LHVH7HPSHUDWXUWUDW7DJHVSlWHUDXIXQGZDU∆7 .QLHG
ULJHUDOVEHLP&%HWRQ'LHPD[LPDOH(UZlUPXQJZDULQGHQEHLGHQ%HWRQHQJOHLFK





5DQG XQG LP .HUQ HLQH PD[LPDOH $ENKOXQJ YRQ ∆7      . &%HWRQ E]Z
∆7      .&%HWRQVWDWW
'LH REHUH5DQGWHPSHUDWXU EHLGHU %HWRQHZDU QDFK VLHEHQ7DJHQ IDVW DXI GHPVHOEHQ
1LYHDX'XUFKGLHQLHGULJH.HUQWHPSHUDWXUEHLP&%HWRQHQWVWDQGHQJHULQJH7HP
SHUDWXUXQWHUVFKLHGH ]ZLVFKHQ .HUQ XQG REHUHP5DQG YRQ∆7    . VRZLH ]ZLVFKHQ
.HUQ XQG XQWHUHP 5DQG YRQ ∆7    . 'HU 8QWHUVFKLHG ]XP &%HWRQ EHWUXJ




OHUDXIXQGDEJHEDXW %LOG'LHPD[LPDOHQ'UXFNVSDQQXQJHQ LP.HUQYRQ σ 
1PP²ZDUHQEHLEHLGHQ%HWRQHQ IDVWJOHLFK'LHVHU:HUW WUDWEHLP&%HWRQ
HLQHQ7DJ VSlWHUDOVEHLP&%HWRQDXI$PXQWHUHQ5DQGZXUGHGDV VHOEH6SDQ
QXQJVQLYHDX QDFK GUHL 7DJHQ HUUHLFKW 'XUFK GLH JHULQJHUHQ ∆7    :HUWH VLQG EHLP
&%HWRQQDFK7DJHQQRFK'UXFNVSDQQXQJHQ YRQσ 1PP² LP.HUQXQG














'LH K|KHUH (UKlUWXQJVJHVFKZLQGLJNHLW IKUW EHLP &%HWRQ ]X HLQHU PD[LPDOHQ
7HPSHUDWXULP.HUQGHV4XHUVFKQLWWHVYRQ7 &QDFKVLHEHQ7DJHQ%LOG$P
XQWHUHQ 5DQG EHWUXJ EHLP &%HWRQ GLH PD[LPDOH 7HPSHUDWXU QDFK GUHL 7DJHQ
7 &%LV]XP7DJHQWVWDQGHLQHPD[LPDOH$ENKOXQJYRQ∆7      .LP.HUQ
XQG∆7      .DPXQWHUHQ5DQG
'HUPD[LPDOH7HPSHUDWXUXQWHUVFKLHG]ZLVFKHQ.HUQXQGREHUHP5DQGYRQ∆7    .




4XDOLWDWLY HQWZLFNHOQ VLFK GLH 'UXFNVSDQQXQJHQ EHLP &%HWRQ VFKQHOOHU DOV EHLP
&%HWRQ %LOG  'LH 'UXFNVSDQQXQJVPD[LPD VRZRKO LP .HUQ YRQ
σ 1PP²DOVDXFKDPXQWHUHQ5DQGYRQσ 1PP²KDEHQVLFKJHJHQEHU
GHP &%HWRQ ZHQLJ YHUlQGHUW 'HU $EEDX GHU 'UXFNVSDQQXQJHQ YHUOlXIW DXFK
EHLP &%HWRQ DXIJUXQG GHU K|KHUHQ∆7     :HUWH VFKQHOOHU DOV EHLP &%HWRQ
'HU=XJVSDQQXQJVDXIEDXEHJLQQWEHLP&%HWRQDPXQWHUHQ5DQGGHV4XHUVFKQLW

WHV HLQH :RFKH IUKHU DOV EHLP &%HWRQ 1DFK  7DJHQ ZHLVW GHU .HUQ QRFK
'UXFNVSDQQXQJHQYRQσ 1PP²DXIGLHMHGRFKXP∆σ 1PP²QLHGULJHU
ZDUHQ DOV EHLP &%HWRQ$PXQWHUHQ5DQGZXUGHQ QDFK  7DJHQ K|KHUH =XJ
VSDQQXQJHQ YRQ  σ  1PP² &%HWRQ IHVWJHVWHOOW 'LH =XJIHVWLJNHLW YRQ
I      1PP²ZXUGHMHGRFKQLFKWHUUHLFKW
























































'XUFK GLH 5RKULQQHQNKOXQJ ZLUG GLH PD[LPDOH %HWRQWHPSHUDWXU GHV +2=%HWRQV
72.%HWRQ LQ DXVJHZlKOWHQ 6WHOOHQ GHV 4XHUVFKQLWWHV JHVHQNW 'HU (UIROJ GLHVHU
0DQDKPH KlQJW XD YRQ GHU $QRUGQXQJ GHU .KOVWHOOHQ LP4XHUVFKQLWW GHU .K
OXQJVGDXHUGHP.KOXQJVEHJLQQXQGGHU.KOXQJVWHPSHUDWXUDE9RUXQWHUVXFKXQJHQ
KDEHQHUJHEHQGDVVHLQHEHOLHELJH$QRUGQXQJGHU.KOVWHOOHQ]XHLQHPXQJQVWLJHQ


























































'DQDFKHQWVWHKWHLQHQ7HPSHUDWXUXQWHUVFKLHGYRQ∆7     .ELV(QGHGHU.KOXQJDP
XQWHUHQ5DQG'DGLH7HPSHUDWXUQLFKWJOHLFKPlLJEHUGHQ4XHUVFKQLWWJHVHQNWZLUG
%LOGILQGHWQDFKGHU.KOXQJHLQH1DFKHUZlUPXQJGHUEHUHLWVDEJHNKOWHQ6WHO





JHQYRQσ 1PP² LP.HUQXQGYRQσ 1PP²DPXQWHUHQ5DQGHUUHLFKW
'LHVHZDUHQXP∆σ 1PP².HUQXQGXP∆σ 1PP²QLHGULJHUDOVEHLP72.




5DQG LVW HLQH=XJVSDQQXQJ YRQσ 1PP² YRUKDQGHQ GLH QRFKJHULQJHU DOV GLH
=XJIHVWLJNHLWYRQI      1PP² LVW.'XUFKGLH1DFKHUZlUPXQJGHVXQWHUHQ5DQGHV
ZHUGHQZLHGHU'UXFNVSDQQXQJHQ DXIJHEDXW GLH VSlWHUZLHGHUXP DEJHEDXWZHUGHQ
1DFK  7DJHQ VLQG LP .HUQ XQG DP XQWHUHQ 5DQG =XVSDQQXQJHQ YRQ FD σ 
1PP²YRUKDQGHQ
$PREHUHQ5DQGZXUGHHLQHPD[LPDOH=XJVSDQQXQJYRQσ 1PP² IHVWJHVWHOOW
'LHVH6SDQQXQJ LVWXP∆σ 1PP² QLHGULJHU DOVEHLP72.%HWRQ'LH$EQDKPH





A = 1.00  … 1.30
B = 0.50 … 1.00
C = 0.00 … 0.50
D = -0.50 …0.00
E = -1.00 …-0.50
F = -1.80 … -1.00
t = 5 d
Temperatur [°C]
A = 50.0 … 60.2
B = 40.0 … 50.0
C = 30.0 … 40.0
D = 20.0 … 30.0
E = 13.0 … 20.0






































































































'LH 7HPSHUDWXUPD[LPD LQ EHLGHQ %HUHFKQXQJVYDULDQWHQ %LOG  ZXUGHQ GXUFK GLH
bQGHUXQJGHU.KOGDXHUQLFKWEHHLQIOXVVW1DFKGHP7HPSHUDWXUPD[LPXPNKOW VLFK
GDV)XQGDPHQWELV]XP7DJXP∆7      .G.'%HWRQE]Z∆7      .G.'
%HWRQLP.HUQXQG∆7     .G.'%HWRQE]Z∆7      .G.'%HWRQDPXQWHUHQ

5DQG DE 1DFK (QGH GHU .KOXQJ EOLHE GLH 7HPSHUDWXU DP XQWHUHQ 5DQG GXUFK GLH
1DFKHUZlUPXQJGHUEHUHLWVDEJHNKOWHQ6WHOOHQQDKH]XNRQVWDQW'HU7HPSHUDWXUXQ
WHUVFKLHG ]ZLVFKHQ .HUQ XQG REHUHP 5DQG ODJ EHL ∆7    . G.'%HWRQ XQG













NXU]]HLWLJ EHU GHU =XJIHVWLJNHLW0LW ]XQHKPHQGHU$ENKOXQJZXUGHQGLH =XJVSDQ
QXQJHQUHGX]LHUW%HLPG.'%HWRQZDUHQGLH=XJVSDQQXQJHQDXIJUXQGGHUQLHGULJHQ
(LJHQVSDQQXQJHQ=XJGXUFKGLH5HGXNWLRQYRQ∆7   XQWHUKDOEGHU=XJIHVWLJNHLWGHV
%HWRQV
)U GLH JHZlKOWH $QRUGQXQJ GHU .KOVWHOOH LVW HLQ JQVWLJHV 6SDQQXQJVYHUKDOWHQ ]X
HUUHLFKHQZHQQ GLH'DXHU GHU .KOXQJ REHUKDOE YRQ GUHL 7DJHQ XQG XQWHUKDOE YRQ
VLHEHQ7DJHQOLHJW'DEHLLVWGLH'DXHUGHU.KOXQJVR]XZlKOHQGDVVZlKUHQGRGHU








.KOXQJG.%%HWRQ XQWHUVXFKW %HL GHU .KOXQJ DE GHU VHFKVWHQ 6WXQGH ZLUG HLQ
=HLWSXQNWXQPLWWHOEDUQDFKGHUHUVWHQ1XOOVSDQQXQJVWHPSHUDWXUJHZlKOW

1DFK %LOG  HQWVWHKW LQQHUKDOE GHU .KOXQJVGDXHU EHLP K.%%HWRQ HUZDUWXQJV
JHPl GLH QLHGULJVWH PD[LPDOH 7HPSHUDWXU GD KLHU JHJHQ GLH KRKH (UKlUWXQJVJH
VFKZLQGLJNHLW LQ GHU $QIDQJVSKDVH JHVWHXHUWZLUG ,P .HUQ HUZlUPW VLFK GHU K.%
%HWRQXP∆7     .XQGGHUG.%%HWRQXP∆7     .'LH(UZlUPXQJGHVXQWHUHQ
5DQGHVEHWUlJW∆7     . K.%%HWRQXQG∆7     . G.%%HWRQ%LV (QGHGHU
.KOXQJ HQWVWHKW HLQH 7HPSHUDWXUGLIIHUHQ] DP XQWHUHQ 5DQG YRQ ∆7      . K.%
%HWRQE]Z∆7     .G.%%HWRQGHU7HPSHUDWXUXQWHUVFKLHG]ZLVFKHQ.HUQXQG




.HUQ XP ∆σ  1PP² XQG LP XQWHUHQ 5DQG XP ∆σ  1PP². $P XQWHUHQ





∆7    :HUWHEHUVFKUHLWHQGLH=XJVSDQQXQJHQDP(QGHGHU.KOXQJGLH=XJIHVWLJNHLW
GHV %HWRQV 1DFK GHU .KOXQJ ZHUGHQ GLHVH =XJVSDQQXQJHQ GXUFK GLH 1DFKHUZlU
PXQJZLHGHU DEJHEDXW 'LH HQWVWDQGHQHQ XQJQVWLJHQ =XJVSDQQXQJHQ N|QQHQ KLHU
GXUFKHLQYRU]HLWLJHV%HHQGHQGHU.KOXQJYHUPLHGHQZHUGHQ
%HLP K.%%HWRQZDU GLH PD[LPDOH =XJVSDQQXQJ YRQσ  1PP² QDFK VLHEHQ
7DJHQDPREHUHQ5DQGJHULQJIJLJK|KHUDOVGLH]XJHK|ULJH=XJIHVWLJNHLWYRQI      
1PP². *HULQJHUH =XJVSDQQXQJHQ N|QQHQ KLHU GXUFK HLQH DQGHUH $QRUGQXQJ GHU
.KOVWHOOHQHUUHLFKWZHUGHQ


























































































































'LH 7HPSHUDWXUXQWHUVFKLHGH ]ZLVFKHQ .HUQ XQG REHUHP 5DQG VFKZDQNHQ EHLP -XOL




IOXVVW 'XUFK GLH %HUFNVLFKWLJXQJ GHV 7DJHVJDQJV GHU LGHHOOHQ $XHQOXIWWHPSHUDWXU
HQWVWHKWDPREHUHQ5DQGHLQH$ENKOXQJEHU1DFKWXQGHLQH(UZlUPXQJEHUGHQ
7DJ 'LH 6SDQQXQJVVFKZDQNXQJ ]ZLVFKHQ 7DJ XQG 1DFKW EHWUlJW PD[LPDO ∆σ 
1PP², ZREHLGDV 6SDQQXQJVPD[LPXPQDFKWV HUUHLFKWZLUG ,Q MHGHP=HLWLQNUHPHQW
HQWVWHKHQWDJVEHU'UXFNVSDQQXQJHQXQGQDFKWV=XJVSDQQXQJHQ'LHVH6SDQQXQJHQ














'LH NKOHUH8PJHEXQJVWHPSHUDWXU LP$SULO IKUW ]X QLHGULJHQ7HPSHUDWXUHQ DQ GHQ
EHLGHQ5lQGHUQGHV4XHUVFKQLWWHV'LHPLWWOHUH7HPSHUDWXUEHUGHQ4XHUVFKQLWWOLHJW
GHVZHJHQQLHGULJHU DOV EHLP &%HWRQ$PXQWHUHQ5DQGZXUGH EHLP$SULO%HWRQ





EHQ 7DJHQ GLHVHU 7HPSHUDWXUXQWHUVFKLHG ]ZLVFKHQ ∆7     . EHU GHQ 7DJ XQG
∆7    .EHUGLH1DFKW

%HL GHU 6SDQQXQJVHQWZLFNOXQJ EDXHQ VLFK LP $SULO%HWRQ DP XQWHUHQ 5DQG ZHQLJHU
'UXFNVSDQQXQJHQ GLH ]ZLVFKHQ EHLGHQ %HWRQHQ XP∆σ 1PP² GLIIHULHUHQ DXI
'HU$EEDXGHU'UXFNVSDQQXQJHQYHUOlXIWVFKQHOOHUEHLP$SULO%HWRQVRGDVVQDFK
7DJHQ HLQH =XJVSDQQXQJ YRQ σ  1PP² HUUHLFKW ZLUG 'LHVH 6SDQQXQJ ZDU
∆σ 1PP²K|KHUDOVEHLP&%HWRQ










































































































] P ] P ] P





'DV9HUKlOWQLV ]ZLVFKHQGHU5HLIH]HLWDPREHUHQ5DQGXQG LP.HUQ  LVWQDFK
%LOG  IU DOOHXQWHUVXFKWHQ9DULDQWHQ LP$EVFKQ GDUJHVWHOOW'DIUZXUGHQXU
GHU=HLWEHUHLFKGHVMXQJHQ%HWRQV7DJHEHWUDFKWHW,QGHQHUVWHQ]ZHL7DJHQLVWGLH



















































'LH %HUHFKQXQJ GHU +\GUDWDWLRQVZlUPHHQWZLFNOXQJ LQ $EKlQJLJNHLW GHU 5HLIH]HLW
JHVWDWWHWHLQHEHVVHUH$EELOGXQJGHVWKHUPLVFKHQ9HUKDOWHQVGHVMXQJHQ%HWRQV,Q%LOG
 ZLUG GHU +2=%HWRQ YRQ LQQHQ DQ DXVJHZlKOWHQ 6WHOOHQ GHV 4XHUVFKQLWWHV JH
NKOW'DGXUFKZLUG LP.HUQGHV4XHUVFKQLWWHVGDV0D[LPXPGHU:lUPHHQWZLFNOXQJ
EHLP+2=%HWRQYRQT N-P³KLQHLQLJHQ6WHOOHQELVDXIT N-P³KUHGX]LHUW





A = 590 … 604
B = 560 … 590
C = 540 … 560
D = 510 … 540
E = 480 … 510









A = 605 … 609
B = 590 … 605
C = 570 … 590
D = 550 … 570
E = 519 … 550











































                     	     
   




















































'DV9HUKlOWQLV ]ZLVFKHQGHU:lUPHHQWZLFNOXQJDP5DQGXQG LP.HUQ  LVW LQ
%LOGGDUJHVWHOOW,QQHUKDOEGHVHUVWHQ7DJHVLVWGLH:lUPHHQWZLFNOXQJLP%HWRQEHL
HLQHU$QIDQJVWHPSHUDWXUYRQ7$ &DP5DQGXPJU|HUDOVLP.HUQ%HLP%H




LP .HUQ 'HU XQWHUH XQG REHUH *UHQ]ZHUW ZLUG GXUFK GLH %HWRQH PLW QLHGULJHUHQ













GHV+2=%HWRQVGDUJHVWHOOW'HU(ODVWL]LWlWVPRGXOYRQ( 1PP²  LP.HUQGHV
+2=%HWRQVZXUGHELVDXI( 1PP² KHUDEJHVHW]W'XUFKGLH.KOXQJZLUGGHU




A = 34200 … 34421
B = 33800 … 342
C = 33400 … 
D = 33000 … 













A = 34300  … 34624
B = 34100 … 34300
C = 33700 … 34100
D = 33300 … 33700
E = 32877 … 33300



















UHQ 8PJHEXQJVWHPSHUDWXUHQ QLHGULJHU )ULVFKEHWRQDQIDQJVWHPSHUDWXU YRQ 7$ &
,QQHQNKOXQJXQG%HWRQLHUHQ LP-XOLGHU(ODVWL]LWlWVPRGXODP5DQGXPJU|HU
DOV LP.HUQ%HL YHUJOHLFKEDUHQQLHGULJHQ8PJHEXQJVWHPSHUDWXUHQHQWVWHKW HLQ




















                     	     
   

























































'LH$EZHLFKXQJHQGHU =XJIHVWLJNHLW DP5DQG %LOG  VLQG LQGHQ HUVWHQ 6WXQGHQ
VHKUJUR'LH$EZHLFKXQJHQGUIHQMHGRFKQLFKWEHUEHZHUWHWZHUGHQGDGLHDEVROX


























































































'LH $XVZLUNXQJHQ GHU0DWHULDOIHOGHU DXI GLH 7HPSHUDWXU XQG 6SDQQXQJVHQWZLFNOXQJ
DPREHUHQ5DQGGHV%DXWHLOVZHUGHQLQ%LOGEHXUWHLOW'LHVZLUGPLW+LOIHGHV&
%HWRQV ZHOFKHU GLH QLHGULJVWHQ 0DWHULDONHQQZHUWH DP 5DQG DXIZHLVW GXUFKJHIKUW
'LH:lUPHHQWZLFNOXQJTWGHU(ODVWL]LWlWVPRGXO(WXQGGLH.ULHFK]DKOϕWτLP.HUQ
ZXUGHQNRQVWDQWEHUGHQ4XHUVFKQLWWJHKDOWHQ'DPLWHQWVWHKHQK|KHUH7HPSHUDWX
UHQXQG 6SDQQXQJHQ DP5DQG'LH %HUHFKQXQJPLW GHQ0DWHULDOIHOGHUQ HUJDE HLQHQ
PD[LPDOHQ7HPSHUDWXUXQWHUVFKLHGYRQ.XQGHLQHQ6SDQQXQJVXQWHUVFKLHGYRQ
1PP² 'DPLW NDQQ GHU (LQIOXVV GHU 0DWHULDOIHOGHU DXI GLH 7HPSHUDWXU XQG 6SDQ
QXQJVEHUHFKQXQJYHUQDFKOlVVLJWZHUGHQ'LH9HUZHQGXQJHLQHUNRQVWDQWHQ7HPSHUD









            
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%HL GHQ YRUJHIKUWHQ 0DQDKPHQ ]XU 0LQLPLHUXQJ GHU %HDQVSUXFKXQJ ZXUGH ]X
QlFKVW (LQIOXVVQDKPHDXI GLH 7HPSHUDWXU LP%DXWHLO JHEW$QVFKOLHHQGZXUGHQGLH
$XVZLUNXQJHQGHU7HPSHUDWXUXQWHUVFKLHGH∆7      LQGHU(UZlUPXQJVSKDVH∆7    LQ
GHU$ENKOXQJVSKDVHELV7DJHXQG∆7   ]ZLVFKHQ.HUQXQG5DQGDXIGLH6SDQ
QXQJVHQWZLFNOXQJ EHXUWHLOW ,P .HUQ XQG DP XQWHUHQ 5DQGZHUGHQ GLH 6SDQQXQJHQ
GXUFKGHQ$QWHLOGHU=ZDQJVVSDQQXQJHQGRPLQLHUW'XUFKGHQ(LQIOXVVGHU(LJHQVSDQ
QXQJHQ'UXFNZLUGGLH]ZHLWH1XOOVSDQQXQJVWHPSHUDWXUVSlWHUHUUHLFKW'DVHQWVWDQ







'XUFK GLH+HUDEVHW]XQJ GHV 7HPSHUDWXUXQWHUVFKLHGHV∆7      ZHUGHQ QLHGULJHUHPD[L
PDOH'UXFNVSDQQXQJHQ LP.HUQXQGDPXQWHUHQ5DQGHUUHLFKW'LHVH'UXFNVSDQQXQ
JHQZHUGHQDXIJUXQGQLHGULJHP7HPSHUDWXUXQWHUVFKLHG∆7    VHKUODQJVDPDEJHEDXW
'DGXUFKZHUGHQLQGLHVHQ%HUHLFKHQQLHGULJH=XJVSDQQXQJHQHUUHLFKW$PIUHLHQ5DQG
HQWVWDQGGXUFKGLH5HGX]LHUXQJGHV 7HPSHUDWXUXQWHUVFKLHGHV∆7    HLQH 6HQNXQJGHU
PD[LPDOHQ =XJVSDQQXQJHQ 7URW]GHP ZDUHQ GLH =XJVSDQQXQJHQ EHVRQGHUV LQ GHQ
HUVWHQ7DJHQK|KHUDOVGLH=XJIHVWLJNHLWGHV%HWRQV'LH9HUZHQGXQJHLQHV+RFKRIHQ
]HPHQWHVRGHUHLQHV3RUWODQG]HPHQWHVPLWQLHGULJHU=HPHQWPHQJHVWHOOHQYRQGHU6HLWH
GHU%HWRQUH]HSWXU HLQHJXWH$XVJDQJVODJHGDU  XPGLH%HDQVSUXFKXQJEHLPDVVLJHQ
%DXWHLOHQ]XVHQNHQ

'LH 6HQNXQJ GHU )ULVFKEHWRQWHPSHUDWXU EHLP+RFKRIHQ]HPHQW YHU]|JHUW GLH 5HDNWL




7HPSHUDWXUXQWHUVFKLHG∆7     QLFKWYHUlQGHUWZLUG'LH'UXFNVSDQQXQJHQLP.HUQXQG
DPXQWHUHQ5DQGHQWZLFNHOQVLFKODQJVDPHUEHLQLHGULJHQ)ULVFKEHWRQWHPSHUDWXUHQXQG
ZHUGHQGXUFKUHGX]LHUWHQ7HPSHUDWXUXQWHUVFKLHG∆7    VSlWHUDEJHEDXW$P(QGHGHV
8QWHUVXFKXQJV]HLWUDXPVVLQGLQGLHVHQ%HUHLFKHQNHLQH=XJVSDQQXQJHQYRUKDQGHQ$P
IUHLHQ5DQGZHUGHQGLH=XJVSDQQXQJHQGXUFKGLHQLHGULJHQ)ULVFKEHWRQWHPSHUDWXUHQ




GXNWLRQ GHU PLWWOHUHQ 7HPSHUDWXU LP 4XHUVFKQLWW ∆7      XQG GHV 7HPSHUDWXUXQWHU
VFKLHGHV ]ZLVFKHQ .HUQ XQG IUHLHP 5DQG∆7    'XUFK GLH JHHLJQHWH $QRUGQXQJ GHU
.KOVWHOOHQ LVW QDFK (QGH GHU .KOXQJ HLQH1DFKHUZlUPXQJ GHU EHUHLWV DEJHNKOWHQ

























-XOLZLUGGLHPLWWOHUH%DXWHLOWHPSHUDWXU∆7     HUK|KWXQGGHU7HPSHUDWXUXQWHUVFKLHG
]ZLVFKHQ .HUQ XQG 5DQG∆7    UHGX]LHUW 'K HV ILQGHW HLQH 6WHLJHUXQJ GHU =ZDQJV
VSDQQXQJ EHL JOHLFK]HLWLJHU 5HGXNWLRQ GHU (LJHQVSDQQXQJ VWDWW %HL NlOWHUHQ 8PJH
EXQJVWHPSHUDWXUHQ$SULO WULWWJHQDXGDV*HJHQWHLOHLQ'LH=ZDQJVVSDQQXQJHQVHQ
NHQEHLVWHLJHQGHQ(LJHQVSDQQXQJHQ



























5DQGEHUHLFK PD[LPDO XP  . UHGX]LHUW 'LHVHU (LQIOXVV NDQQ VRPLW YHUQDFKOlVVLJW
ZHUGHQ

'LH 5HLIH]HLW EHHLQIOXVVW ZHLWHUKLQ GLH PHFKDQLVFKHQ 0DWHULDONHQQZHUWH 1DFK ]ZHL




(V OlVVW VLFK]XVDPPHQIDVVHQGIHVWVWHOOHQGDVVEHLP MXQJHQ%HWRQHLQH$EQDKPHGHU
=XJIHVWLJNHLW'UXFNIHVWLJNHLWXQGGHV(ODVWL]LWlWVPRGXOV LQGHQ5DQGEHUHLFKHQGHU%H
WRQEDXWHLOHLQIROJH(UKlUWXQJHUIROJW'LH$EQDKPHGHU0DWHULDONHQQZHUWHLVWQLFKWDXI
6FKlGLJXQJ RGHU 6FKDOHQULVVH VRQGHUQ QXU DXI GLH (UKlUWXQJ ]XUFN]XIKUHQ  1DFK
$EVFKOXVVGHV(UKlUWXQJVSUR]HVVHV$QQDKPHLQGLHVHU$UEHLWQDFKHLQHU5HLIH]HLWYRQ
 7DJHQ JOHLFKHQ VLFK GLH 'LIIHUHQ]HQ ]ZLVFKHQ GHQ0DWHULDONHQQZHUWHQ DP 5DQG
XQGLP.HUQDXV
































'LH '&$0HVVXQJHQ DQ =HPHQWOHLPSUREHQ KDEHQ VLFK DOV HLQIDFKH VFKQHOOHUH












• 'LH LGHHOOH $XHQOXIWWHPSHUDWXU VWHOOW HLQ DXVJHUHLIWHV %HUHFKQXQJVZHUN]HXJ ]XU
6LPXODWLRQGHU7DJHVJlQJHGHU5DQGWHPSHUDWXULP%DXWHLOGDU'LH%HUHFKQXQJVDQ
VlW]HGHUlXHUHQ:lUPHZXUGHQGXUFKPHWHRURORJLVFKH0HVVXQJHQDXVGHU/LWH


















• 'XUFK GDV YRUJHVWHOOWH .RQ]HSW GHU (UKlUWXQJVIXQNWLRQ ODVVHQ VLFK GLH 0DWHULDO
NHQQZHUWHGHVMXQJHQ%HWRQVDOV3URGXNW]ZLVFKHQGHU(UKlUWXQJXQGGHP0DWHUL
DONHQQZHUWGHV1RUPDOEHWRQVEHVFKUHLEHQ8PGDV]XHUUHLFKHQZXUGHQGLH$QVlW
]H ]XU (QWZLFNOXQJ GHU0DWHULDONHQQZHUWH 'UXFNIHVWLJNHLW =XJIHVWLJNHLW XQG GHV
(ODVWL]LWlWVPRGXOVDXVGHU/LWHUDWXU LQGLH(UKlUWXQJVIXQNWLRQHQEHUIKUW$QKDQG
GHU 'UXFNIHVWLJNHLW ZXUGH QDFKJHZLHVHQ GDVV GLH $UW XQG *U|H GHU 3UIN|USHU
NDXP(LQIOXVVDXIGLH(UKlUWXQJVIXQNWLRQHQKDEHQ:HLWHUKLQZDUHQGLH'LIIHUHQ]HQ









OHQGH =XVDPPHQKDQJ ]ZLVFKHQ (UKlUWXQJVIXQNWLRQ XQG +\GUDWDWLRQVJUDG LQ GHQ
HUVWHQ6WXQGHQNDQQEHLGHU6SDQQXQJVEHUHFKQXQJYHUQDFKOlVVLJWZHUGHQ
'HU$XIEDXYRQ'UXFNVSDQQXQJHQLQGHQHUVWHQ]Z|OI6WXQGHQZLUGVWDUNYRQGHQ
























UDWXUXQWHUVFKLHG∆7     LQ GHU $ENKOXQJVSKDVH EHL JOHLFK]HLWLJHU 5HGXNWLRQ GHU
7HPSHUDWXUXQWHUVFKLHG ∆7   VWDWW 'DEHL ZDU GLH PD[LPDOH $ENKOXQJ LP .HUQ
∆7    K|KHUDOVDP5DQGVRGDVVGHU'UXFNVSDQQXQJVDEEDXLP.HUQVFKQHOOHUYHU
OlXIWDOVDP5DQG'DGXUFKHQWVWHKHQK|KHUH=XJVSDQQXQJHQLP.HUQDOVDP5DQG
• %HLP MXQJHQ%HWRQZXUGH LQGHQ5DQGEHUHLFKHQGHV4XHUVFKQLWWHVHLQHbQGHUXQJ
GHU0DWHULDONHQQZHUWHLQIROJHGHU(UKlUWXQJIHVWJHVWHOOW1DFK]ZHL7DJHQZDUGLH
'UXFNIHVWLJNHLWDP5DQGELV ]X GLH=XJIHVWLJNHLWELV ]XGHU(ODVWL]LWlWV
PRGXOELV]XQLHGULJHUDOVLP.HUQ'LH5HLKHQIROJHGHUSUR]HQWXDOHQ5HGXNWLRQ
HQWVSULFKW GHU ]HLWOLFKHQ (QWZLFNOXQJ GHU HUVWHQ GUHL 0DWHULDONHQQZHUWH 'LH $E
QDKPHGHU0DWHULDONHQQZHUWH LVWQLFKWDXI6FKlGLJXQJRGHU6FKDOHQULVVH VRQGHUQ




1PP² %HL GHU 6SDQQXQJVEHUHFKQXQJ NDQQ GLHVHU (LQIOXVV VRPLW YHUQDFKOlVVLJW
ZHUGHQ

$P %HLVSLHO HLQHV +RFKRIHQIXQGDPHQWHV ZXUGH GHU (LQIOXVV GHU %HWRQUH]HSWXU GHU
)ULVFKEHWRQWHPSHUDWXUGHU5RKULQQHQNKOXQJXQGGHV.OLPDVDXIGLH7HPSHUDWXUXQG
GLH6SDQQXQJLP%DXWHLOEHXUWHLOW'LHVH0DQDKPHQVWHOOHQHLQ3RWHQWLDOGDUZHOFKHV
]XU0LQLPLHUXQJ GHU %HDQVSUXFKXQJ LP %DXWHLO DXVJHVFK|SIW ZHUGHQ NDQQ $XV GHU
9DULDQWHQXQWHUVXFKXQJOlVVWVLFKIROJHQGHVVFKOXVVIROJHUQ
• 'LH8QWHUVXFKXQJHQ HUJDEHQ GDVV QDFK  7DJHQ5HLIH]HLW 1RUPDOEHWRQ G K
QDFKVLHEHQELV7DJHQGLH%DXWHLOHHLQHQ6SDQQXQJV]XVWDQGDXIZLHVHQXQGZD
UHQ DOVR ¯WKHUPLVFK YRUJHVSDQQW£ ,P .HUQ XQG DP XQWHUHQ 5DQG ZDUHQ QRFK
'UXFNVSDQQXQJHQ YRUKDQGHQ 'HU REHUH 5DQG ZLHV =XJVSDQQXQJHQ DXI 'LHVH
6SDQQXQJHQELOGHQGHQ$QIDQJV]XVWDQGIUVSlWHUH/DVWHLQZLUNXQJHQ
• 'LHbQGHUXQJGHU%HWRQUH]HSWXUGXUFK9HUZHQGXQJHLQHUQLHGULJHQ=HPHQWPHQJH
XQG YRQ ODQJVDP HUKlUWHQGHP =HPHQW IKUW ]X HLQHU 5HGXNWLRQ GHU PD[LPDOHQ
7HPSHUDWXU LP.HUQXQGDPXQWHUHQ5DQG'LH7HPSHUDWXUDPIUHLHQ5DQGEOHLEW
GDEHLXQYHUlQGHUW'XUFKGLH+HUDEVHW]XQJGHV7HPSHUDWXUXQWHUVFKLHGHVLQGHU(U
ZlUPXQJVSKDVH∆7     ZHUGHQQLHGULJHUHPD[LPDOH'UXFNVSDQQXQJHQLP.HUQXQG
DP XQWHUHQ 5DQG HUUHLFKW 'LHVH 'UXFNVSDQQXQJHQ ZHUGHQ DXIJUXQG QLHGULJHP
7HPSHUDWXUXQWHUVFKLHGHLQGHU$ENKOXQJVSKDVH∆7    VHKUODQJVDPDEJHEDXW'D
GXUFK ZHUGHQ LQ GLHVHQ %HUHLFKHQ QLHGULJHUH =XJVSDQQXQJHQ HUUHLFKW $P IUHLHQ
5DQGHQWVWDQGGXUFKGLH5HGX]LHUXQJGHV7HPSHUDWXUXQWHUVFKLHGHV]ZLVFKHQ.HUQ
XQG5DQG∆7   HLQH6HQNXQJGHUPD[LPDOHQ=XJVSDQQXQJHQ7URW]GHPZDUHQGLH
=XJVSDQQXQJHQEHVRQGHUV LQGHQHUVWHQ7DJHQK|KHUDOVGLH=XJIHVWLJNHLWGHV%H





XQWHUHQ5DQG'HUPD[LPDOH7HPSHUDWXUXQWHUVFKLHG∆7     ZLUGQLFKW UHGX]LHUW VR

GDVVVLFKGLHPD[LPDOHQ'UXFNVSDQQXQJHQDXFKQLFKWlQGHUQ'XUFKGLH$EQDKPH
GHV 7HPSHUDWXUXQWHUVFKLHGHV∆7   ZHUGHQ GLH =XJVSDQQXQJHQ VSlWHU DXIJHEDXW
,PXQWHUVXFKWHQ%HLVSLHOZDUHQLP.HUQXQGDPXQWHUHQ5DQGQDFK7DJHQQRFK
'UXFNVSDQQXQJHQ YRUKDQGHQ$P IUHLHQ 5DQGZHUGHQ GLH =XJVSDQQXQJHQ GXUFK
GLH QLHGULJH )ULVFKEHWRQWHPSHUDWXU KHUDEJHVHW]W GD GHU 7HPSHUDWXUXQWHUVFKLHG
∆7   UHGX]LHUWZXUGH'LHVHZDUHQMHGRFKQRFKK|KHUDOVGLH%HWRQ]XJIHVWLJNHLW
• 'LH5RKULQQHQNKOXQJKDWVLFKDXIJUXQGGHUEUHLWHQ6WHXHUXQJVP|JOLFKNHLW$QRUG
QXQJGHU.KOVWHOOHQ.KOXQJVGDXHUXQG.KOXQJVEHJLQQDOVHLQHHIIHNWLYH0D









%DXWHLOWHPSHUDWXU∆7     HUK|KWXQGGHU7HPSHUDWXUXQWHUVFKLHG]ZLVFKHQ.HUQXQG
5DQG∆7   UHGX]LHUW'KHVILQGHWHLQH6WHLJHUXQJGHU=ZDQJVVSDQQXQJEHLJOHLFK
]HLWLJHU5HGXNWLRQGHU (LJHQVSDQQXQJ VWDWW %HL NlOWHUHQ8PJHEXQJVWHPSHUDWXUHQ
$SULOWULWWJHQDXGDV*HJHQWHLOHLQ
%HLZDUPHQ8PJHEXQJVWHPSHUDWXUHQ-XOLHUJHEHQVLFKDPIUHLHQ5DQGLQGHU3KD














*HELHW IU ]XNQIWLJH )RUVFKXQJVDXIJDEHQ ,Q GLHVHQ $EVFKQLWW ZHUGHQ HLQLJH $QUH
JXQJHQDOV0RWLYDWLRQIU]XNQIWLJH$UEHLWHQJHJHEHQ
• 'XUFK GLH (UIDVVXQJ GHU )HXFKWH LQIROJH GHV $XVWURFNQXQJVYHUKDOWHQV GHV %HWRQV
N|QQHQQHEHQGLFNHQDXFKGQQH%DXWHLOHVLPXOLHUWZHUGHQ
• 'DVFKHPLVFKH6FKZLQGHQLVWGXUFKGLH0HVVXQJHQGHU6FKZLQGYHUIRUPXQJXQGGHU









• %HL 6WDKOEHWRQEDXWHLOHQ VLQG 8QWHUVXFKXQJHQ ]% DXI %DVLV GHU 3ODVWL]LWlWVWKHRULH
XQGGHU6FKlGLJXQJVPHFKDQLN]XIKUHQXPGHP%HZHKUXQJVJHKDOWYRQ%DXWHLOHQ










































































































































































































 'pWHUPLQDWLRQVLPXOWDQHpGH ODGLIIXVLYLWpHWGH ODFRQGXFWLYLWp WKHUPLTXH
GXEpWRQSHQGDQWVRQK\GUDWDWLRQ&RQWULEXWLRQRIWKH7DVN*URXS:





























































































































































































































































































































































































































































































































 7KHUPDO 6WUHVVHV LQ0DVVLYH &RQFUHWH 6WUXFWXUHV &DOFXODWHGZLWK D OLQHDU
&UHHS/DZRI ,QWHJUDO7\SH,Q%D]DQW=3:LWWPDQQ)+&UHHSDQG






















































































 )LQLWH(OHPHQW 0RGHOOLQJ RI 'HIRUPDWLRQ DQG &UDFNLQJ LQ HDUO\$JH
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A = 385 … 392
B = 375 … 385
C = 365 … 375
D = 350 … 365
E = 333 … 350
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A = 93500 … 94615
B = 92500 … 93500
C = 91500 … 92500
D = 90500 … 91500
E = 86855 … 90500
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A = 0.625  … 0.635
B = 0.615 … 0.625
C = 0.605 … 0.615
D = 0.582 …0.605
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A = 145  … 148
B = 135 … 145
C = 120 … 135
D = 105 …120
E = 88 …105





































































A = 59.0 … 61.0
B = 55.0 … 59.0
C = 45.0 … 55.0
D = 35.0 … 45.0
E = 27.1 … 35.0
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A = 38.5 … 39.5
B = 37.5 … 38.5
C = 36.5 … 37.5
D = 36.0 … 36.5
E = 34.7 … 36.0
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A = 1.83 … 1.85
B = 1.79 … 1.83
C = 1.75 … 1.79
D = 1.70 … 1.75
E = 1.64 … 1.70
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A = 38100  … 38275
B = 37800 … 38100
C = 37400 … 37800
D = 37000 … 37400
E = 36045 … 37000
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A = 1.80  … 2.26
B = 1.00 … 1.80
C = 0.00 … 1.00
D = -1.00 …0.00
E = -2.00 …-1.00
F = -2.36 … -2.00
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A = 327 … 331
B = 320 … 327
C = 310 … 320
D = 300 … 310
E = 289 … 300
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A = 77500 … 78325
B = 76500 … 77500
C = 75500 … 76500
D = 70000 … 75500
E = 72933 … 70000
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A = 0.625  … 0.627
B = 0.615 … 0.625
C = 0.605 … 0.615
D = 0.600 …0.605
E = 
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A = 120  … 124
B = 110 … 120
C = 100 … 110
D = 95 …100
E = 81 …95
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A = 50.0 … 54.4
B = 45.0 … 50.0
C = 35.0 … 45.0
D = 30.0 … 35.0
E = 26.8 … 30.0
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A = 32.0 … 32.7
B = 31.5 … 32.0
C = 30.5 … 31.5
D = 30.0 … 30.5
E = 29.4 … 30.0
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A = 1.58 … 1.60
B = 1.56 … 1.58
C = 1.53 … 1.56
D = 1.51 … 1.53
E = 1.48 … 1.51
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A = 34800  … 35112
B = 34500 … 34800
C = 34200 … 34500
D = 33800 … 34200
E = 33411 … 33800
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A = 1.20  … 1.70
B = 0.70 … 1.20
C = 0.00 … 0.70
D = -1.00 …0.00
E = -1.76 …-1.00






















































































A = 605 … 609
B = 590 … 605
C = 570 … 590
D = 550 … 570
E = 519 … 550
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A = 78500 … 79419
B = 77500 … 78500
C = 76500 … 77500
D = 75500 … 76500
E = 72319 … 75500
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A = 0.635  … 0.643
B = 0.620 … 0.635
C = 0.610 … 0.620
D = 0.585 …0.610
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A = 108  … 111
B = 102 … 108
C = 95 … 102
D = 90 …95
E = 79 …90
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A = 54.0 … 58.0
B = 48.0 … 54.0
C = 40.0 … 48.0
D = 31.0 … 40.0
E = 27.2 … 31.0
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A = 31.0 … 31.7
B = 30.2 … 31.0
C = 29.7 … 30.2
D = 29.0 … 29.7
E = 28.4 … 29.0
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A = 1.45 … 1.51
B = 1.40 … 1.45
C = 1.35 … 1.40
D = 1.25 … 1.35
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A = 34300  … 34624
B = 34100 … 34300
C = 33700 … 34100
D = 33300 … 33700
E = 32877 … 33300



























































ﬂ    ﬃ
ﬀ ﬁ  
ﬂ    ﬃ
ﬀ ﬁ

ﬂ    ﬃ
ﬀ ﬁ
 ﬂ  ﬃ
ﬀ ﬁ





A = 1.80  … 2.22
B = 1.20 … 1.80
C = 0.00 … 1.20
D = -1.00 …0.00
E = -2.00 …-1.00
F = -2.47 … -2.00
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C = 760 … 800
D = 720 … 760
E = 641 … 720
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A = 68800 … 68958
B = 68400 … 68800
C = 68000 … 68400
D = 67600 … 68000
E = 67061 … 67600
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A = 0.557  … 0.559
B = 0.552 … 0.557
C = 0.548 … 0.552
D = 0.543 …0.548
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A = 67.9  … 68.4
B = 67.0 … 67.9
C = 66.0 … 67.0
D = 65.0 …66.0
E = 63.3 …65.0
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A = 45.0 … 50.6
B = 40.0 … 35.0
C = 35.0 … 40.0
D = 30.0 … 35.0
E = 26.7 … 30.0
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A = 29.8 … 30.01
B = 29.4 … 29.8
C = 29.0 … 29.4
D = 28.5 … 29.0
E = 28.1 … 28.5
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A = 1.36 … 1.40
B = 1.32 … 1.36
C = 1.29 … 1.32
D = 1.26 … 1.29
E = 1.22 … 1.26
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A = 33600  … 33760
B = 33400 … 33600
C = 33200 … 33400
D = 33000 … 33200
E = 32702 … 33000
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A = 1.70  … 2.10
B = 1.00 … 1.70
C = 0.00 … 1.00
D = -1.00 …0.00
E = -2.00 …-1.00
F = -2.49 … -2.00
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B = 432 … 440
C = 425 … 432
D = 415 … 425
E = 406 … 415
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A = 84500 … 86470
B = 83000 … 84500
C = 81500 … 83000
D = 80000 … 81500
E = 75940 … 80000
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A = 0.690  … 0.700
B = 0.675 … 0.690
C = 0.660 … 0.675
D = 0.645 …0.660
E = 
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A = 165  … 171
B = 155 … 165
C = 140 … 155
D = 125 … 140
E =   93 … 125
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A = 58.0 … 65.6
B = 50.0 … 58.0
C = 40.0 … 50.0
D = 32.0 … 40.0
E = 27.4 … 32.0
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A = 32.8 … 33.2
B = 32.0 … 32.8
C = 31.0 … 32.0
D = 30.0 … 31.0
E = 28.7 … 30.0
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A = 1.52 … 1.58
B = 1.47 … 1.52
C = 1.42 … 1.47
D = 1.36 … 1.42
E = 1.28 … 1.36
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A = 35000  … 35363
B = 34500 … 35000
C = 34000 … 34500
D = 33500 … 34000
E = 33051 … 33500
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A = 1.80  … 2.31
B = 1.00 … 1.80
C = 0.00 … 1.00
D = -1.00 …0.00
E = -2.00 …-1.00
F = -2.50 … -2.00





















































































A = 590 … 604
B = 560 … 590
C = 540 … 560
D = 510 … 540
E = 480 … 510
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A = 78000 … 79336
B = 77000 … 78000
C = 75000 … 77000
D = 73000 … 75000
E = 67454 … 73000
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A = 0.635  … 0.643
B = 0.620 … 0.635
C = 0.605 … 0.620
D = 0.590 …0.605
E = 
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A = 105  … 111
B = 100 … 105
C =  92 …  100
D =  85  …   92
E =  67  …   85
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A = 50.0 … 60.2
B = 40.0 … 50.0
C = 30.0 … 40.0
D = 20.0 … 30.0
E = 13.0 … 20.0
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A = 30.5 … 31.3
B = 30.0 … 30.5
C = 29.5 … 30.0
D = 28.5 … 29.5
E = 27.8 … 28.5
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A = 1.45 … 1.49
B = 1.40 … 1.45
C = 1.35 … 1.40
D = 1.25 … 1.35
E = 1.19 … 1.25
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A = 34200 … 34421
B = 33800 … 342
C = 33400 … 
D = 33000 … 
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A = 1.00  … 1.30
B = 0.50 … 1.00
C = 0.00 … 0.50
D = -0.50 …0.00
E = -1.00 …-0.50
F = -1.80 … -1.00
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A = 605 … 610
B = 590 … 605
C = 570 … 590
D = 550 … 570
E = 532 … 550
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A = 79000 … 79419
B = 78000 … 79000
C = 77000 … 78000
D = 76000 … 77000
E = 74400 … 76000
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A = 0.640  … 0.643
B = 0.630 … 0.640
C = 0.620 … 0.630
D = 0.602 …0.620
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A = 109  … 111
B = 105 … 109
C = 100 … 105
D = 95 …100
E = 87 …95
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A = 55.0 … 58.0
B = 50.0 … 55.0
C = 45.0 … 50.0
D = 40.0 … 45.0
E = 33.5 … 40.0











































































A = 31.2 … 31.7
B = 30.7 … 31.2
C = 30.2 … 30.7
D = 29.7 … 30.2
E = 29.0 … 29.7
















































C * ) D E
A B F
C * ) D E
A B
& C * ) D E
A B
D C D E
A B






A = 1.48 … 1.51
B = 1.45 … 1.48
C = 1.40 … 1.45
D = 1.37 … 1.40
E = 1.31 … 1.37
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A = 34400  … 34625
B = 34100 … 34400
C = 33800 … 34100
D = 33500 …33800
E = 33216 … 33500
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A = 1.00  … 1.45
B = 0.50 … 1.00
C = 0.00 … 0.50
D = -1.00 …0.00
E = -2.00 …-1.00
F = -2.41 … -2.00
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A = 600 … 614
B = 590 … 600
C = 578 … 590
D = 570 … 578
E = 552 … 570
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A = 77500 … 79419
B = 76000 … 77500
C = 74500 … 76000
D = 73000 … 74500
E = 68875 … 73000
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A = 0.630  … 0.643
B = 0.615 … 0.630
C = 0.600 … 0.615
D = 0.590 …0.600
E = 
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A = 103  … 111
B =   96 … 103
C =   88 …  96
D =   80 …  88
E =   68 …  80
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A = 55.0 … 58.0
B = 50.0 … 55.0
C = 40.0 … 50.0
D = 31.0 … 40.0
E = 26.6 … 31.0

















































































A = 31.2 … 31.7
B = 30.6 … 31.2
C = 29.8 … 30.6
D = 29.0 … 29.8
E = 28.8 … 29.0
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A = 1.45 … 1.51
B = 1.40 … 1.45
C = 1.30 … 1.40
D = 1.19 … 1.30
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A = 34400  … 34624
B = 34000 … 34400
C = 33600 … 34000
D = 33100 … 33600
E = 32564 … 33100
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A = 1.10  … 1.65
B = 0.60 … 1.10
C = 0.00 … 0.60
D = -1.00 …0.00
E = -2.00 …-1.00
F = -2.42 … -2.00
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